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Nottingham. 
1872.  Turton,  Thomas,  Liverpool  Forge  Company,  Brunswick  Dock,  Liverpool. 

1867.  Tweddell,  Ealph  Hart,  14  Delahay  Street,  Westminster,  S.W. 

1856.  Tyler,   Sir   Henry  Whatley,   K.C.B.,   M.P.,   Pymmes   Park,    Edmonton, 
Middlesex. 

1877.  Tylor,  Joseph  John,  11  Little  Queen  Street,  Westminster,  S.W. 

1878.  Tyson,  Isaac  Oliver,  Ousegate  Iron  Works,  Selby. 

1S75.  Unsworth,  Thomas,  79  Piccadilly,  Manchester. 

187S.  Unwin,   William    Cawthorne,   Professor  of   Engineering,    Eoyal    Indian 

Engineering  College,  Cooper's  Hill,  Staines. 
1862.  Upward,  Alfred,  8  Queen  Anne's  Gate,  Westminster,  S.W. 
1875.  Urquhart,    Thomas,    Locomotive    Superintendent,   Grazi    and    Tsaritsin 

Eailway,    Borisoglebsk,    Eussia :     (or     care    of    John     Maclachlan, 

15  Hamilton  Street,  Greenock). 

1880.  Valon,  William  Andrew  Mcintosh,   Engineer,   Eamsgate   Local   Board, 

Hardres  Street,  Eamsgate. 

1862.  Vavasseur,  Josiah,  28  Gravel  Lane,  South wark,  London,  S.E. 

1865.  Vickers,   Albert,   Messrs.   Vickers    Sons    and  Co.,  Eiver    Don    Works, 

Sheffield. 
1S61.  Vickers,   Thomas   Edward,   Messrs.   Vickers   Sons  and   Co.,   Eiver  Don 

Works,  Sheffield. 

1856.  Waddington,  John,  35  King  William   Street,   London  Bridge,   London, 
E.C. 

1879.  Wadia,  Nowrosjee  Nesserwanjee,  Manager,  Manockjee  Petit  Manufacturing 

Co.,  Tardeo,  Bombay :   (or  care  of  Messrs.  Hick  Hargreaves  and  Co., 
Soho  Iron  Works,  Bolton.) 
1875.  Wailes,  John  William,  Patent  Shaft  Works,  Wednesbury. 

1881.  Wake,  Henry   Hay,  Engineer  to  the  Eiver  Wear  Commission,  Sunder- 

land. 

1863.  Wakefield,    John,    Locomotive    Superintendent,    Dublin    Wicklow    and 

Wexford  Eailway,  Dublin. 
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1873.  Waldenstrom,  Eric  Hugo,  Manager,  Broughton  Copper  Works,  Broughton 

Road,  Manchester. 
1872.  Walker,  Alexander,  G  Llwyn  Terrace,  Oswestry. 
1870.  Walker,  Alfred,  Albion  Iron  Works,  Aldwark,  York. 
1867.  Walker,  Benjamin,  Messrs.  Tannett  Walker  and  Co.,  Goodman   Street 

Works,  II  ui islet,  Leeds. 
18G7.  Walker,    Charles    Clement,    Midland    Iron    Works,    Donnington,    near 

Newport,    Shropshire ;     and    Lilleshall    Old    Hall,    near    Newport, 

Shropshire. 
1S77.  Walker,  David,  Superintendent  of  Engineering  Workshops,  King's  College, 

Strand,  London,  W.C. 
1875.  Walker,  George,  95  Leadenhall  Street,  London,  E.C. 

1875.  Walker,  John  Scarisbrick,  Messrs.  J.  S.  Walker  and  Brother,  Pagefield 

Iron  Works,  Wigan  ;  and  12  Ash  Street,  Southport. 

1876.  Walker,  Thomas  Ferdinand,  Ship's  Log  Manufacturer,  58  Oxford  Street, 

Birmingham. 
1878.  Walker,  William,  Kalieraaas,  Alleyne  Park,  West  Dulwick,  London,  S.E. 

1863.  Walker,  William   Hugill,   Messrs.  Walker   Eaton  and  Co.,  Wicker  Iron 

Works,  Sheffield. 
1S7S.  Walker,  Zaccheus,  Jun.,  Fox  Hollies  Hall,  near  Birmingham. 
1SG8.  Wallis,    Herbert,    Mechanical  Superintendent,   Grand  Trunk   Railway, 

Montreal,  Canada. 

1865.  Walpole,  Thomas,  Messrs.  Ross  and  Walpole,  North  Wall  Iron  Works, 

Dublin. 

1877.  Walton,  James,  28  Maryon  Road,  Charlton. 

1881.  Warburton,  John  Seaton,  60  Queen  Victoria  Street,  London,  E.C. 
1876.  Ward,  William  Meese,  Limerick  Foundry,  Great  Bridge,  Tipton. 

1864.  Warden,  Walter  Evers,  Phoenix  Bolt  and  Nut  Works,  Handsworth,  near 

Birmingham. 
1856.  Wardle,   Charles  Wetherell,  Messrs.   Manning  Wardle  and   Co.,  Boyne 

Engine  Works,  Hunslet,  Leeds. 
1852.  Warham,  John  R.,  Messrs.  Thornewill  and  Warham,  Burton  Iron  Works, 

Burton-on-Trent. 
1S81.  Warham,   Richard    Landor,   Messrs.   Thornewill  and    Warham,    Severn 

Engineering  Works,  Derby. 

1874.  Warner,  Edward,  Messrs.  Woods  Cocksedge  and  Co.,  Suffolk  Iron  Works, 

Stowmarket. 
1858.  Waterhouse,  Thomas,  Claremont  Place,  Sheffield.     {Life  Member.) 
1881.  Watkins,  Alfred,  62  South  Street,  Greenwich,  S.E. 
1862.  Watkins,  Richard,  Messrs.  Seaward  and  Co.,  Canal  Iron  Works,  Millwall, 

London,  E. 

1866.  Watson,  Robert,  Engineer,  Brereton  and  Hayes  Collieries,  near  Rugeley. 
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1879.  Watson,  William  Renny,  Messrs.  Mirrlees  Tait  and  Watson,  Engineers, 

Glasgow. 
1S77.  Watts,  John,  Broad  Weir  Engine  Works,  Bristol. 

1877.  Waugh,   John,  Chief  Engineer,  Yorkshire  Boiler  Insurance  and  Steam 

Users'  Co.,  Sunhridge  Chambers,  Bradford. 

1878.  Weatkerhead,  Patrick  Lambert,  3  Chausse'e  Strasse,  Berlin 

1862.  Webb,  Francis  William,  Locomotive  Superintendent,  London  and  North 
Western  Railway,  Crewe. 

1879.  Weiss,  Hubert  August  Otto,  Messrs.  Siemens  Brothers,  Telegraph  Works, 

Charlton,  Kent. 

1872.  Welch,   Edward  John   Cowling,  Palace  Chambers,  St.  Stephen's,  West- 
minster, S.W. 

1862.  Wells,  Charles,  Moxley  Iron  and  Steel  Works,  near  Bilston. 

1576.  West,  Henry  Hartley,  Chief  Surveyor,  Underwriters'   Registry  for  Iron 

Vessels,  A13  Exchange  Buildings,  Liverpool. 
1874.  West,  Nicholas  James,  Messrs.  Harvey  and  Co.,  Hayle  Foundry,  Hayle. 
1877.  Western,  Charles  Robert,  Messrs.  Western  and  Co.,  Chaddesden  Works, 

Derby  ;  and  Chaddesden  Hill,  Derby. 

1577.  Western,  Maximilian  Richard,  care  of  Messrs.  Western  and  Sons,  35  Essex 

Street,  Strand,  London,  W.C. 
1862.  Westmacott,  Percy  Graham  Buchanan,  Sir  William  G.  Armstrong  and  Co., 

Elswick    Engine    Works,    Newcastle-on-Tyne ;    and    Benwell    Hill, 

Newcastle-on-Tyne. 
1SS0.  Westmoreland,  John  William  Hudson,  22S  Arkwright  Street,  Nottingham. 
1867.  Weston,   Thomas   Aldridge,   care   of  J.  C.  Mewburn,  169   Fleet  Street, 

London,  E.C. ;  and  5  Bedford  Terrace,  Harpur  Street,  Bedford. 
1S80.  West  wood,   Joseph,   Jun.,   Messrs.  Westwood    Baillie   and   Co.,   London 

Yard  Iron  Works,  Poplar,  London,  E. ;    and  39  Great  Tower  Street, 

London,  E.C. 
1881.  Wharton,  William  Augustus,  Assistant  Engineer,  Nottingham  Corporation 

Water  Works,  Maple  Street,  Nottingham. 
1867.  Wheatley,     Thomas,     Manager,     Wigtownshire     Railway,     Wigtown 

Wigtownshire. 
1856.  Wheeldon,   Frederick  R.,  Higkflelds  Engine  Works,  Bilston;    and  45 

Waterloo  Road  South,  Wolverhampton. 
1874.  White,  Henry  Watkius,  Chief  Engineer,  H.M.  Dockyard,  Simon's  Town, 

Cape  of  Good  Hope. 
1864.  White,   Isaias,   Messrs.   Portilla  and  White,   Engineers  and  Iron   Ship 

Builders,    Seville,    Spain :    (or    care    of   Isaac  White,  Pontardulais, 

Llanelly.) 
1876.  Whiteley,  William,  Messrs.  William  Whiteley  and  Sons,  Prospect  Iron 

Works,  Lockwood,  Huddersfield. 
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1863.  Whitley,  Joseph,  New  British  Iron  Works,  Corngreaves,  near  Birmingham. 
1865.  Whitley,  Joseph,  Railway  Works,  Hunslet  Road,  Leeds. 

1869.  Whittem,  Thomas  Sibley,  Wyken  Colliery,  Coventry. 

1847.  Whitworth,  Sir  Joseph,  Bart.,  D.C.L.,  LL.D.,  F.R.S.,  44  Cliorlton  Street, 
Portland  Street,  Man  Chester ;  and  Stancliffe,  Matlock  Bath;  and  24 
Great  George  Street,  Westminster,  S.W. 

1878.  Whytehead,  Hugh  Edward,  8S  West  Hill,  -Sydenham,  London,  S.E. 

1859.  Wickham,  Lamplugh  Wickham,  Low  Moor  Iron  Works,  near  Bradford. 

187S.  Wicks,  Henry,  Superintendent,  Messrs.  Burn  and  Co.,  Howrah  Iron  Works, 
Howrah,  Bengal,  India. 

1878.  Widmark,      Harald     Wilhelm,      Helsingborgs      Mekaniska     Verkstad, 

Helsingborg,  Sweden. 
1868.  Wigrarn,  Reginald,  Messrs.   John  Fowler  and  Co.,  Steam  Plough   and 

Locomotive  Works,  Leeds. 
1881.  Wigzell,  Eustace  Ernest,  37  Walbrook,  London,  E.C. 
1877.  Wilkinson,  Robert,  Fryer  Concrete  Co.,  Antigua,  West  Indies. 

1574.  Williams,    David,    Manager,    Pontypool    Iron    and    Tinplate    Works, 

Pontypool. 
1865.  Williams,  Edward,  Cleveland  Lodge,  Middlesbrough. 
1S47.  Williams,  Richard,  Patent  Shaft  Works,  Wednesbury. 
1859.  Williams,  Richard  Price,  38  Parliament  Street,  Westminster,  S.W. 
1881.  Williams,  William  Freke  Maxwell,  Trading  Steamship  Co.,  137  Fenchurch 

Street,  Loudon,.  E.C. 
1873.  Williams,  William  Lawrence,  2  Westminster  Chambers,  Victoria  Street, 

Westminster,  S.W. 

1870.  Willman,  Charles,  Exchange  Place,  Middlesbrough. 

1575.  Wilson,   Alexander,   Messrs.   Wilson    Cammell    and    Co.,   Steel    Works, 

Dronfield,  near  Sheffield. 

1572.  Wilson,  Alfred,  Messrs.  Tangye's  Steel  Works,  Soho,  near  Birmingham. 
1859.  Wilson,  George,  Messrs.  Charles  Cammell  and  Co.,  Cyclops  Steel  and  Iron 

Works,  Sheffield. 
1867.  Wilson,  Henry,  Phcenix  Brass  Works,  Stockton-on-Tees. 
1881.  Wilson,  John,  9  Dean's  Yard,  Westminster,  S.W. 
1863.  Wilson,    John     Charles,     5    Westminster     Chambers,    Victoria    Street, 

Westminster,  S.W. 

1879.  Wilson,  Joseph  William,  Principal  of  School  of  Practical  Engineering, 

Crystal  Palace,  Sydenham,  S.E. 
1S57.  Wilson,  Robert,  F.R.S.E.,  Messrs.  Xasmyth  Wilson  and  Co.,  Bridgewater 

Foundry,  Patricroft,  near  Manchester. 
18S0.  Wilson,  Robert,  24  Poultry,  London,  E.C. 

1573.  Wilson,  Thomas  Sipliug,  care  of  Messrs.  James  Bischoff  and  Sons,  10 

St.  Helen's  Place,  London,  E.C. 
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1881.  Wilson,  Wesley  William,  Messrs.  A.  Guinness  Son  and  Co.,  St.  James' 
Gate  Brewery,  Dublin. 

1867.  Winby,  Frederick  Charles,  St.  Stephen's  Palace  Chambers,  9  Bridge  Street, 

Westminster,  S.W. 

1872.  Winstanley,  Robert,  Mining  Engineer,  32  St.  Ann's  Street,  Manchester. 

1859.  Winter,  Thomas  Bradbury,  53  Moorgate  Street,  London,  E.C. 
1S72.  Wise,  William  Lloyd,  7  Whitehall  Place,  London,  S.W. 

1871.  Withy,  Edward,   Messrs.   Withy  and   Co.,  Middleton  Ship,  Yard,  West 

Hartlepool. 
1S78.  Wolfe,  John   Edward,   care  of  G.  W.  Wucherer,   H.B.M.  Vice-Consul, 

Jaragua,  Maceio,  Brazil :   (or  cao-e  of  Richard  R.  Wolfe,  Arthington, 

Torquay.) 
187S.  Wolfenden,  Richard,  Chief  Engineer,  Chinese  Cruiser  "Yang  Tse";  care 

of  Chinese  Customs  Agency,  Hong  Kong,  China. 
1S78.  Wolfenden,  Robert,  Engineer  and  Millwright,  Shanghai,  China :  (or  care 

of  Frederick  Degenaer,  Zetland  Street,  Hong  Kong,  China.) 
1S81.  Wood,    Edward    Malcolm,    2    Westminster    Chambers,   Victoria    Street, 

Westminster,  S.W. 

1868.  Wood,  Lindsay,  Mining  Engineer,  Southhill,  near  Chester-le-Street. 
1S76.  Wood,  Thomas,  Mining  Engineer,  North  Hetton  Collieries,  Fence  Houses. 

1873.  Woodhead,  John  Proctor,  54  John  Dalton  Street,  Manchester. 

1874.  Worsdell,    Thomas    William,    London    and    North    Western    Railway, 

Locomotive  Department,  Crewe. 

1877.  Worssam,  Henry  John,  Messrs.  G.  J.  Worssam  and  Son,  Wenlock  Road, 

City  Road,  London,  N. 
1S76.  Worssam,    Samuel    William,     Oakley    Works,    King's    Road,    Chelsea, 
London,  S.W. ;  and  38  Carlyle  Square,  King's  Road,  Chelsea,  London, 
S.W. 

1860.  Worthington,    Samuel   Barton,   Resident    Engineer,   London    and   North 

Western  Railway,  Victoria  Station,  Manchester ;   and  12  York  Place, 

Oxford  Road,  Manchester. 
1866.  Wren,  Henry,  Messrs.  Wren  and  Hopkinson,  London  Road  Iron  Works, 

Manchester. 
1S81.  Wrench,  John  Mervyn,  Resident  Engineer,  Scinde  Punjaub  and  Delhi 

Railway,  Lahore,  India. 
1881.  Wright,  Benjamin  Frederick,  Locomotive  and  Carriage  Superintendent, 

Japanese   Government   Railways,   Kobe,   Japan:    (or   care   of  Messrs. 

Malcolm  Brunker  and  Co.,  22  St.  Mary  Axe,  London,  E.C.) 
1S70.  Wright,  George  Benjamin,  Goscote  Iron  Works,  near  Walsall. 

1878.  Wright,    George    Howard,    Mining    Engineer,    12    Trumpington    Street, 

Cambridge. 
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1876.  Wright,  James,  Messrs.  Ashmore  and  While,  Hope  Iron  Works,  Bowesficld, 

Stockton-on-Tees. 
1867.  Wright,  John  Roper,  Messrs.  Wright  Butler  and  Co.,  Elba  Steel  Works, 
Gower  Road,  near  Swansea. 

1859.  Wright,  Joseph,  Metropolitan  Eailway  Carriage  and  Wagon  Co.,  Saltley 

Works,  Birmingham  ;  and  85  Graeeehurch  Street,  London,  E.C. 

1860.  Wright,  Joseph,  Neptune  Forge,  Chain  and  Anchor  Works,  Tipton ;  and 

Verona  House,  2  Sterling  Road,  Edgbaston,  Birmingham. 
1863.  Wright,  Owen,  Broadwell  Forge,  Oldbury,  near  Birmingham. 

1878.  Wright,   William  Barton,   Locomotive    Superintendent,    Lancashire    and 

Yorkshire  Railway,  Victoria  Station,  Manchester. 
1871.  Wrightson,   Thomas,   Messrs.   Head  Wrightsou  and   Co.,   Teesdale  Iron 

Works,  Stockton-on-Tees. 
1865.  Wyllie,  Andrew,  Messrs.  Forrester  and  Co.,  Vauxhall  Foundry,  Vauxhall 

Road,  Liverpool. 

1877.  Wyvill,  Frederic  Christopher,  Schloss  Holte,  Westphalen,  Germany. 

1878.  Yates,  Henry,  Brantford,  Ontario,  Canada. 

1SS1.  Yates,  Louis  Edmund  Hasselts,  Assistant  Locomotive  Superintendent, 
Punjaub  Northern  State  Railway,  Jhelum,  Punjaub,  India :  (or 
care  of  Rev.  H.  W.  Yates,  98  Lansdowne  Place,  Brighton.) 

1880.  Yates,  William,  Locomotive  Works,  Lancashire  and  Yorkshire  Railway, 

Miles  Platting,  Manchester. 

1879.  Yeomans,  David  Maitland,  63  Queen  Victoria  Street,  London,  E.C. ;  and 

13  Lexham  Gardens,  Cromwell  Road,  London,  W. 

1879.  Young,  George  Scholey,  Messrs.  T.  A.  Young  and  Son,  Orchard  Place, 

Blackwall,  London,  E. 
1874.  Young,  James,  Managing  Engineer,  Lambton  Colliery  Works,  Fence  Houses. 
1879.  Young,  James,  Low  Moor  Iron  Works,  near  Bradford. 

1881.  Younger,  Robert,  Messrs.  R.  and  W.  Hawthorn,  Newcastle-on-Tyne. 

1861.  Yule,  William,  Messrs.  J.  H.  Young  and  Co.,  53  Mill  Street,  Bridgeton, 

Glasgow. 

18S0.  Ziffer,  Ferdinand  Henry,  Messrs.  Ziffer  and  Walker,  6  Exchange  Street, 
Manchester. 
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1880.  Allen,  William  Edgar,  Well  Meadow  Steel  Works,  Sheffield. 

18S0.  Bagshawe,  Washington,  Messrs.  John  Spencer  and  Sons,  Newburn  Steel 

Works,  Newcastle-on-Tyne. 
1SS1.  Barcroft,  Henry,  Bessbrook  Spinning  Works,  County  Armagh,  Ireland. 
1867.  Blinkhorn,  William,  London  and  Manchester  Plate  Glass  AYorks,  Sutton, 

St.  Helen's. 
1S79.  Clowes,  Edward  Arnott,  Messrs.  William  Clowes  and  Sons,  Duke  Street, 

Stamford  Street,  London,  S.E. 

1566.  Crossley,  John,  British  Plate  Glass  Works,  Ravenhead,  near  St.  Helen's. 

1567.  Dewhurst,  John  Bonny,  Bellevue  Cotton  Mills,  Skipton. 

18G3.  Forster,    George    Emmerson,    Contractor's    Office,    Washington,    County 

Durham. 
1865.  Gossell,  Otto,  41  Moorgate  Street,  London,  E.C. 
1878.  Grosvenor,  The  Eight  Hon.  Lord  Richard  De  Aquila,  M.P.,  12  Upper 

Brook  Street,  Grosvenor  Square,  London,  W. 
1880.  Haggie,  David  Henry,  Wearmouth  Rope  Works,  Sunderland. 
1874.  Hardcastle,  Robert  Anthony,  Monk  Bridge  Iron  Works,  Leeds. 

1859.  Leather,  John  Towlerton,  Leventhorpe  Hall,  near  Leeds.  (Life  Associate.) 
1865.  Longsdon,  Alfred,  2  Crown  Buildings,  Queen  Victoria  Street,  London,  E.C 
1SS1.  Lowood,  John  Grayson,  Ganuister  Works,  Attercliffe  Road,  Sheffield. 

1860.  Mauby,  Cordy,  Messrs.  Moore  and  Manby,  Castle  Street,  Dudley. 

1S6S.  Matthews,   Thomas    Bright,    Messrs.    Turton    Brothers   and    Matthews. 
Phcenix  Steel  Works,  Sheffield. 

1574.  Paget,  Berkeley,  Low  Moor  Iron   Office,   2   Laurence    Pountney    Hill, 

Cannon  Street,  London,  E.C. 
1S65.  Parry,  David,  Leeds  Iron  Works,  Leeds. 

1874.  Pepper,  Joseph  Ellershaw,  Clarence  Iron  Works,  Leeds. 

1877.  Render,  Frederick,  Crown  Corn  Mills,  Stanley  Street,  Salford,  Manchester, 

1878.  Roeckner,  Carl  Heinrich,  4  Royal  Arcade,  Newcastle-on-Tyne. 

1575.  Schofield,    Christopher    J.,   Vitriol   and   Alkali    Works,    Clayton,   near 

Manchester. 

1875.  Stuart,  James,  Professor  of  Mechanism  in  Cambridge  University,  Trinity 

College,  Cambridge. 
1869.  Varley,  John,  Farnley  Iron  Works,  Leeds. 
1875.  Waslekar,    Nanaji    Narayan,    care    of    Anglo-Vernacular    Press,    New 

Nagpada,  Tank  Street,  Bycalla,  Bombay,  India. 
187S.  Watson,   Joseph,   Attorney   General's    Chambers,   New   Court,    Temple, 

London,  E.C. 
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L881.  Alexander,  Edward  Disney,  Messrs.  B.  and  W.  Hawthorn,  Ncwcastle-on- 

Tyne. 
1874.  Allen,   Frank,   Messrs.   Allen  Alderson    and    Co.,    Gracechurch    Street, 

Alexandria :   (or  care  of  Messrs.  Stafford  Allen  and  Sons,  7  Cowper 

Street,  Finsbury,  London,  E.C.) 

1850.  Anderson,  Edward   William,  Messrs.  Easton   and  Anderson,  Erith  Iron 

Works,  Erith,  London,  S.E. 
1S78.  Appleby,  Charles,  Jun.,  Messrs.  Appleby  Brothers,  East  Greenwich  Works, 
London,  S.E. 

1878.  Armstrong,  Joseph,  Great  Western  Railway  Works,  Swindon. 

1872.  Armstrong,    Thomas,   2  Westminster   Chambers,  Victoria   Street,  West- 

minster, S.W. 

1879.  Arteaga,  Alberto  de,  care  of  Juan  J.  de  Arteaga,  Rincon  G2,  Monte  Video, 

Uruguay:  (or  care  of  Messrs.  Hartog  Reeves  and  Co.,  13  Cullum  Street, 
London,  E.C.) 

1879.  Bagot,  Alan  Charles,  Messrs.  Apps  and  Bagot,  433  Strand,  London,  W.C. 
1S69.  Bainbridge,  Emerson,  Nunnery  Colliery  Offices,  New  Haymarket,  Sheffield. 
1881.  Beesley,  David   Stanley,  Messrs.   Stanford  and   Beesley,  89   Dartmouth 

Street,  Birmingham. 

1880.  Benham,  Percy,  Messrs.  Benham,  50  Wigmore  Street,  London,  W. 
1880.  Birkett,  Herbert,  Messrs.  J.  and  E.  Hall,  Iron  Works,  Dartford. 
1880.  Bright,  Thomas  Smith,  Picton  Villa,  Carmarthen. 

1878.  Brooke,  Arthur,  Messrs.  A.  Paget  and  Co.,  Loughborough. 

1880.  Buckle,  William  Harry  Ray,  Bootham,  York. 

1878.  Buddicom,  Harry  William,  Penbedw  Hall,  Mold,  Flintshire. 

1879.  Burnet,  Lindsay,  Messrs.  John  Norman  and  Co.,  Keppoch  Hill  Engine 

Works,  475  New  Keppoch  Hill  Road,  Glasgow. 

1851.  Clench,   Gordon  McDakin,   Messrs.   Robey  and  Co.,  Perseverance    Iron 

Works,  Lincoln. 

1881.  Compton-Bracebridge,    John    Edward,    Messrs.    Easton    and    Anderson, 

3  Whitehall  Place,  London,  S.W. 
1879.  Dady,  Jamsetjee  Nesserwanjee,  4  Cawasjee  Patell  Street,  Fort,  Bombay, 

India. 
1876.  Davis,  Joseph,   Lancashire  and  Yorkshire  Railway,   Engineer's    Office, 

Manchester. 
1 875.  Dawson,  Edward,  The  Cottage,  Chilton  Moor,  Fence  Houses. 

1873.  Dobson,  Richard  Joseph  Caistor,  Gemor  Fabrik,  Kendal,  Samarang,  Java  : 

(or  care  of  Charles  E.  S.  Dobson,  4  Chesterfield  Buildings,  Victoria 
Park,  Clifton,  Bristol.) 
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1868.  Dugard,  William  Henry,  Messrs.  Dugard  Brothers,  Vulcan  Rolling  Mills, 
Bridge  Street  West,  Summer  Lane,  Birmingham. 

1873.  Edmunds,  John  Sharp  Wilbraham,  Sheepcote   Street  Works,  Sheepcote 

Street,  Birmingham. 
1875.  Ffolkes,   Martin   William  Brown,   28  Davies  Street,   Grosvenor  Square, 

London,  W. 
1880.  Francis,   Archibald   Adley,  Locomotive  Works,  Great  Eastern  Railway, 

Stratford,  London,  E. 
1S79.  Frossard,  Charles  Edouard,  care  of  Hubert  Waddy,  Canal  Company's  Office, 

Gloucester. 

1878.  Greig,  Alfred,  Messrs.  John  Fowler  and  Co.,  Steam  Plough  and  Locomotive 

Works,  Leeds. 

1877.  Heaton,  Arthur,    Messrs.  Heaton   and  Dugard,  Metal  and  Wire  Works, 

Shadwell  Street,  Birmingham. 

1874.  Hedley,  Henry,  Coppa  Colliery,  near  Mold,  Flintshire. 
1874.  Hedley,  Thomas,  13  Elm  Vale,  Fairfield,  Liverpool. 

1879.  Hesketh,  Everard,  Messrs.  J.  and  E.  Hall,  Iron  Works,  Dartford. 

1867.  Holland,  George,    Mechanical    Department,     Grand     Trunk    Railway, 

Montreal,  Canada. 

1879.  Howard,  J.  Harold,  Britannia  Iron  Works,  Bedford. 

1S77.  Jeffreys,  Edward  Homer,  Monk  Bridge  Iron  Works,   Leeds;   and  Gipton 
Lodge,  Leeds. 

1880.  Jenkins,    Rhys,    Messrs.    John    Fowler    and    Co.,    Steam    Plough  and 

Locomotive  Works,  Leeds ;  and  1  Bagley  Square,  Leeds. 

1881.  Lawson,    James   Ibbs,  New    Zealand    Railways,  Dunedin,    Otago,  New 

Zealand. 
1SS1.  Lockyer,  Norman  Joseph,  Manchester  Sheffield  and  Lincolnshire  Railway, 

Gorton,  Manchester. 
1879.  Lowthian,  George,  8  Delahay  Street,  Westminster,  S.W. 
1881.  Macdonald,  Ranald  Mackintosh,  New  Zealand  Railways,  Christchurch, 

New  Zealand. 

1878.  Mannock,   Thomas,   Messrs.   Higginbottom  and    Mannock,   Crown    Iron 

Works,  Hyde  Road,  West  Gorton,  Manchester. 

1868.  Mappin,  Frank,  Messrs.  Thomas  Turton  and  Sons,  Sheaf  Works,  Sheffield. 
1881.  Milles,     Robert     Sydney,    Borough     Engineer's     Office,     Town     Hall, 

Wolverhampton. 

1867.  Mitchell,  John,  Swaithe  Colliery,  Barnsley. 

1868.  Moor,  William,  Jun.,  Hetton  Colliery,  Hetton,  near  Fence  Houses. 
1872.  Napier,  Robert  Twentyman,  Yoker,  Dumbartonshire. 

1878.  Newall,  John  Walker,  Forest  Hall,  Ongar,  Essex. 

1881.  Norris,  Moraston  Ormerod,  Assistant  Engineer,  Public  Works  Department, 
India  ;  47  Cheltenham  Street,  New  Swindon,  Swindon. 
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1881.  Oswell,  William  St.  John,  20  Budge  Row,  London,  E.G. 

JS7G.  Owen,     Georgo     Charles    Mickleburgh,    Mechanical    Engineer's    Office, 

London  and  North  Western  Railway,  Crewe. 
1SS0.  Parsons,  The  Hon.  Charles  Algernon,  10  Connaught  Place,  London,  W. 

1550.  Paterson,  Walter  Saunders,  London  Brighton  and  South  Coast  Railway, 

Locomotive  Department,  London  Bridge,  London,  S.E. 
1 S70.  Pearson,  Thomas  Henry,  Moss  Side  Iron  Works,  Ince,  near  Wigan. 
1879.  Phillips,  Robert  Edward,  37  Great  George  Street,  Westminster,  S.W. 
1881.  Rogers,  Philip  Powys,  Assistant  Engineer,  Warda   Coal  State  Railway, 

Warora,  Central  Provinces,  India. 

1551.  Scott,  Ernest,  Messrs.  R.  and  W.  Hawthorn,  Newcastle-on-Tyne. 

1S75.  Sheppard,  Herbert  Gurney,  Imperial  Brazilian  Natal  and  Nova  Cruz 
Railway,  Natal,  Pernambuco,  Brazil :  (or  care  of  C.  L.  Sheppard,  The 
Hall,  Welwyn.) 

1S79.  Solly,  Arthur  Johu,  Heathfield,  Congleton. 

1577.  Spielmann,  Marion  Harry,  1G  Porchester  Terrace,  Hyde  Park,  Loudon,  W. 

1574.  Taylor,  Arthur,   Pontgibaud  Lead  Works,  Puy   de  Dome,  France;  and 

6  Queen  Street  Place,  Upper  Thames  Street,  London,  E.C. 

1578.  Waddington,  John,  Jim.,  35  King  William  Street,  London  Bridge,  London 

E.C. 

1575.  Walker,  Arthur  Henry,  Guild  Hall  Chambers,  Cardiff. 
18S1.  Walkinshaw,  Frank,  17  Eaton  Square,  London,  S.W. 
1SS0.  Weymouth,  Francis  Marten,  Mill  Hill,  London,  N.W. 

1877.  Whitelock,  William  Thomas  Grant,  Bowling  Iron  Works,  near  Bradford. 
1S68.  Wicksteed,  Joseph  Hartley,  Well  House  Foundry,  Meadow  Road,  Leeds. 
1879.  Wood,  Edward  Walter  Nay  lor,  Annandale  House,  Bangor. 
1SS0.  Wood,  John  Mackworth,  Engineer's  Department,  New  River  Water  Works, 
Clerkenwell,  London,  E.C. ;  and  51  College  Street,  Islington,  London,  N. 
18S0.  York,  Francis  Colin,  28  Calverley  Street,  Tunbridge  Wells. 
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MEMOIRS 

OF   MEMBERS    DECEASED    IN    1880. 

Sir  Thomas  Bouch  was  born  on  25th  February  1822,  at  Thursby, 
near  Carlisle,  bis  father  being  a  captain  in  the  merchant  service. 
On  leaving  scbool  he  was  apprenticed  to  Mr.  G.  Larmer,  civil 
engineer ;  and  after  superintending  railway  works  in  different  parts 
of  England  was  appointed  resident  engineer  for  the  Wear  Valley 
line.  In  1849  he  became  manager  and  engineer  of  the  Edinburgh 
and  Northern  Railway,  to  Perth  and  Dundee,  now  a  part  of  the  North 
British  system.  Here  he  designed  and  carried  out  the  method  still 
in  operation  of  transporting  railway  goods  wagons  across  the  Forth 
and  Tay  ferries,  by  running  them  upon  rails  laid  on  the  decks  of 
ferry  steamers.  In  1851  he  commenced  business  on  his  own  account 
as  a  civil  engineer  in  Edinburgh,  and  was  engaged  as  engineer  for 
numerous  railways  in  Scotland,  as  well  as  for  several  in  England. 
Among  the  former  may  be  mentioned  the  Peebles  Railway,  the 
Edinburgh  and  Roslin,  the  Glasgow  and  Coatbridge,  and  Ihe 
Arbroath  and  Montrose ;  and  among  the  latter,  the  Darlington  and 
Barnard  Castle  Railway,  the  Eden  Valley  Railway,  the  Cockermouth 
and  Penrith,  and  the  Maidstone  and  Sevenoaks.  His  labours 
included  the  designing  of  several  extensive  bridges,  including  the 
Deepdale  and  Beelah  viaducts,  the  Redheugh  bridge  at  Newcastle, 
and  the  Tay  bridge,  on  the  completion  of  which  last  he  received 
the  honour  of  knighthood.  Its  subsequent  deplorable  fall  during 
the  hurricane  of  28th  December  1879  is  believed  to  have  hastened 
his  death,  which  took  place  at  Moffat  on  30th  October  1880,  in 
the  fifty-ninth  year  of  his  age.  He  became  a  Member  of  the 
Institution  in  1862. 
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Thomas  Buoadbent  was  born  at  Kirkheaton,  near  Huddersfield, 
on  5th  October  1833.  After  being  educated  at  Huddersficld  College, 
and  serving  an  apprenticeship  to  Mr.  Richard  Armitage  in  that  town, 
he  commenced  business  atMilnsbridge  near  Huddersficld  as  mechanical 
engineer  and  millwright,  in  partnership  with  Mr.  B.  J.  Shaw,  a  fellow 
apprentice.  On  the  dissolution  of  the  partnership  iu  18G8  he 
commenced  business  for  himself  at  Huddersfield.  He  was  the 
architect  and  engineer  of  the  Slaithwaite  Spinning  Mill,  the  largest 
concern  in  the  district ;  and  erected  the  winding  gear  for  hauling 
up  clay  wagons  on  the  inclined  plane  at  Wessendcn  Head,  for  the 
construction  of  the  Huddersfield  waterworks  reservoir.  He  was 
frequently  consulted  in  other  engineering  works  of  the  town. 
Shortly  before  his  death  he  introduced  an  improvement  in  hydro - 
extractors,  for  sugar  refining,  drying  purposes,  &c,  employing  a 
small  steam  engine  to  drive  the  machine  direct  at  a  speed  of 
1200  revs,  per  min.  His  death  took  place  on  5th  December  1880. 
at  the  age  of  forty-seven,  from  typhoid  fever.  He  became  a  Member 
of  the  Institution  in  1875. 

Thomas  ChecklEY  was  born  at  Ettingshall,  near  Wolverhampton, 
on  7th  June  1831,  his  father,  Mr.  William  Checkley,  being  a  mining 
engineer.  After  being  educated  at  Queen  Mary's  School,  Walsall, 
he  followed  the  same  profession  in  that  town,  where  he  also  took 
a  prominent  part  in  all  public  affairs,  being  twice  elected  mayor, 
and  subsequently  appointed  one  of  the  borough  justices.  He  was 
interested  in  several  collieries  in  the  neighbourhood,  in  the 
management  of  which  he  took  a  very  active  part.  In  1875,  in 
reporting  upon  proposals  made  for  sinking  for  the  Thick  Coal  under 
the  New  Bed  Sandstone,  on  the  Hamstead  estate  near  Birmingham, 
he  predicted  that  it  would  be  found  at  a  depth  of  about  GOO  yards ; 
and  in  1880  it  was  so  found  at  615  yards,  of  a  thickness  between 
20  and  30  feet ;  and  this  in  a  neighbourhood  where  no  previous 
attempt  had  been  made  for  its  discovery.  At  the  inundation  of  the 
Pelsall  Colliery  he  rendered  great  assistance  in  the  efforts  to  extricate 
the  men  and  to  relieve  the  sufferers,  and  subsequently  prepared 
a  very  able  report  on  the  disaster.     After  a  very  painful  illness  he 
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died  at  Walsall  on  23rd  September   1880,  at  the  age   of  forty-six. 
He  became  a  Member  of  the  Institution  in  1869. 

William  Clark  was  born  at  Colchester  on  17th  March  1821 ;  and 
after  being  educated  principally  at  King's  College,  London,  entered 
the  office  of  Mr.  J.  Birkinshaw,  under  whom  he  was  employed 
for  three  or  four  years  on  the  York  and  North  Midland  Railway 
works.  In  1850  he  became  connected  with  Sir  Goldsworthy  Gurney, 
at  that  time  occupied  with  the  warming  and  ventilation  of  the 
Houses  of  Parliament;  and  in  1851  he  joined  Mr.  A.  W.  Makinson 
in  works  of  that  class.  Shortly  afterwards  he  was  appointed  surveyor 
to  Kingston-upon-Hull,  for  which  town  he  planned  a  complete  system 
of  drainage,  and  commenced  the  necessary  works.  In  1854  he 
became  resident  engineer  on  a  portion  of  the  East  Indian  Railway  ; 
and  a  year  later  secretary,  and  afterwards  engineer,  to  the  municipality 
of  Calcutta,  for  whom  he  devised  a  thorough  drainage  scheme,  which 
he  ultimately  carried  out  with  complete  success  and  with  great  benefit 
to  the  public  health.  He  also  planned  and  carried  out  a  complete 
system  of  waterworks  for  Calcutta ;  and  continued  to  act  as  engineer- 
in-chief  to  that  municipality  until  1874,  when  he  returned  to  England 
and  entered  into  partnership  with  Mr.  W.  F.  Batho.  At  the  end  of 
the  same  year  he  visited  Madras,  and  there  planned  a  drainage 
scheme  for  that  city.  He  was  also  aj)pointed  consulting  engineer  to 
the  Oude  and  Rohilkund  Railway.  In  1876  he  was  commissioned  by 
the  New  South  Wales  Government  to  report  and  advise  upon  the 
water  supply  and  drainage  of  Sydney ;  and  while  in  Australia  he 
also  prepared  similar  schemes  for  Port  Adelaide,  Newcastle,  Bathurst, 
Goulburn,  Orange,  Maitland,  and  Brisbane,  as  well  as  afterwards 
for  Wellington  and  Christchurch  in  New  Zealand.  The  works  of 
his  drainage  scheme  for  Christchurch  were  commenced  in  1879,  the 
sewage  pumping  machinery  being  designed  and  sent  out  under  his 
supervision.  He  invented  a  "  tied  brick  arch,"  of  which  fine 
examples  were  constructed  in  Calcutta  and  elsewhere  in  India ;  and 
was  associated  with  Mr.  Batho  in  the  introduction  of  a  steam  road 
roller.  After  suffering  for  about  half  a  year  from  a  liver  affection, 
he  died  at  Surbiton  on  22nd  January  1880,  at  the  age  of  fifty-eight. 
He  became  a  Member  of  the  Institution  in  1867. 
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Thomas  Ft/well  was  born  in  London  on  20th  May  1812.  Aftey 
serving  liis  time  as  apprentice  millwright  in  the  works  of  Messrs. 
Rennie,  London,  he  was  engaged  in  1837  as  foreman  in  the 
engineering  works  of  Messrs.  Sanford  and  Varrall,  Paris,  who  were 
at  that  time  beginning  business,  and  introducing  into  France  the 
machinery  suitable  for  the  manufacture  of  paper.  Mr.  Elwell  took 
part  in  erecting  in  France  the  first  paper  mills  worked  by  machinery  ; 
he  was  afterwards  engaged  in  designing  general  engineering  machinery, 
such  as  pumping  engines,  steam  engines,  and  machine  tools.  He 
became  subsequently  manager,  and  ultimately  partner,  in  the  firm 
cf  Messrs.  Varrall  Elwell  and  Middleton,  which  under  his  management 
has  been  held  in  high  repute  by  the  French  Admiralty  and  Waif 
offices,  the  railways,  and  mechanical  establishments.  They  obtained 
a  "Grand  Prix"  at  the  Paris  Exhibition  in  1878,  when  for  his 
long  and  valued  services  in  France  Mr.  Elwell  received  the  Cross 
of  "  Chevalier  de  la  Legion  d'Honneur."  He  was  a  Member  of  the 
Societe  des  Ingenieurs  Civils,  Paris.  He  died  suddenly  in  Toulon 
on  3rd  April  1880,  in  the  sixty-eighth  year  of  his  age,  from  an  attach 
of  apoplexy.     He  became  a  Member  of  the  Institution  in  18G0. 

Thomas  Hawthorn,  eldest  son  of  the  late  Dr.  Hawthorn  of 
Newcastle-on-Tyne,  was  born  on  19th  April  1838,  and  lost  his 
life  on  18th  August  1880,  by  a  fall  from  the  Stiisbcrg,  between 
Seilisberg  and  Beckenried,  Lake  of  Lucerne.  He  was  educated  at 
Dr.  Brace's  academy,  and  served  his  apprenticeship  as  a  mechanical 
engineer  with  Messrs.  Robert  Stephenson  &  Co.,  Newcastle  on-Tyne. 
In  1861  he  obtained  the  responsible  position  of  assistant  engineer  at 
the  docks  and  warehouses  at  Marseilles,  which  he  held  until  18G5. 
He  then  returned  to  the  Tyne,  and  in  conjunction  with  Mr.  William 
Black  established  locomotive,  marine,  and  stationary  engine  works 
at  Gateshead,  under  the  firm  of  Messrs.  Black  Hawthorn  &  Co.  In 
18G7  they  introduced  an  axle  for  locomotives  having  six  or  more 
coupled  wheels,  whereby  lateral  play  is  given  to  the  trailing  wheels, 
easing  the  motion  round  sharp  curves,  and  diminishing  the  wear  and 
tear  of  both  engines  and  permanent  way.  This  was  favourably 
criticised  at  the  time  of  its  introduction,  and  has  since  been  applied 
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to  a  great  number  of  main-line  and  shunting  engines.  At  the  time 
of  his  decease  Mr.  Hawthorn  was  engaged  upon  a  street  tramway 
locomotive,  which  is  now  being  perfected.  He  became  a  Member  of 
the  Institution  in  1880. 

William  Ebenezer  Marshall  was  born  in  1824  at  Kendal,  where 
his  father,  Mr.  Samuel  Marshall,  conducted  a  school  as  successor  to 
the  celebrated  Dr.  John  Dalton.  After  serving  an  apprenticeship 
to  Messrs.  Kitson  Thompson  and  Hewitson,  Leeds,  in  1852  he  joined 
Mr.  W.  E.  Carrett  and  Mr.  John  Telford  in  the  Sun  Foundry,  Leeds, 
under  the  firm  of  Carrett  Marshall  and  Co.  Among  other  machines 
brought  out  by  the  firm  were  Carrett's  steam-pump  and  Joy's 
hydraulic  organ-blower.  In  1859  he  acted  as  honorary  local  secretary 
on  the  occasion  of  the  first  meeting  of  the  Institution  held  in  Leeds. 
In  1872  he  retired  from  the  Sun  Foundry ;  and  afterwards  resided 
for  some  years  in  Scarborough.  His  death  occurred  in  Leeds  on 
8th  June  1880,  at  the  age  of  fifty-six,  after  a  brief  illness.  He 
became  a  Member  of  the  Institution  in  1859. 

General  Arthur  Jules  Morin  was  born  in  Paris  on  17th  October 
1795,  and  received  his  early  education  in  Italy,  but  returned  to 
Paris  before  1811  and  completed  his  mathematical  studies  at  the  Ecole 
Polytechnique ;  after  which  he  entered  the  artillery  service,  and  in 
1823  took  part  as  lieutenant  in  the  Spanish  war.  He  was  then 
appointed  assistant  professor  of  mechanics  in  the  Artillery  and 
Military  Engineering  School  at  Metz.  Here  he  edited  the  first 
publications  of  Poncelet,  whom  he  shortly  afterwards  succeeded 
there  as  professor.  His  celebrated  experiments  on  friction,  slipping, 
rolling,  traction,  and  belts,  were  carried  out  at  Metz,  the  success  of 
his  researches  being  largely  due  to  the  use  of  different  forms  of 
dynamometer  devised  by  himself.  In  1839  a  professorship  of  Applied 
Mechanics  was  specially  established  for  him  at  the  Conservatoire  des 
Arts  et  Metiers,  Paris,  of  which  in  1819  he  was  appointed  the 
Director.  In  1811  he  was  elected  into  the  Academy  of  Sciences  of 
the  Institute  of  France.  He  was  a  juror  in  the  London  Exhibitions 
of   1851    and    1862,   and    a    general    commissioner   for    the    Paris 
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Exhibition  of  1855.  His  "Aide  Memoire"  is  one  of  the  most 
popular  of  the  French  works  known  in  England  ;  and  his  treatises 
on  practical  mechanics,  steam  engines,  pumps,  hydraulic  motors, 
strength  of  materials,  and  ventilation  and  wanning,  rank  as  standard 
works.  He  carried  out  the  ventilation  of  the  Corps  Legislatif,  and 
of  the  Opera,  Chatelet,  Gaiete,  Lyrique,  and  Vaudeville  theatres  in 
Paris  ;  and  was  concerned  also  in  the  sanitary  arrangements  of  various 
large  hospitals.  For  many  years  he  was  a  director  of  the  Northern 
Eailway  of  France.  In  18G7,  on  the  occasion  of  the  first  meeting  of 
the  Institution  held  in  Paris,  he  was  nominated  by  the  Council  an 
Honorary  Life  Member  of  the  Institution,  in  recognition  of  the 
valuable  aid  received  from  him  as  Director  of  the  Conservatoire  des 
Arts  et  Metiers;  and  at  that  meeting  he  contributed  a  paper  on  ths 
Ventilation  of  public  buildings,  describing  his  system  of  ventilation 
as  carried  out  in  the  Conservatoire,  the  Theatre  Lyrique,  and  one  of 
the  public  schools.  The  Institution  enjoyed  the  advantage  of  a  renewal 
of  the  same  good  offices,  on  the  part  both  of  himself  and  of  the 
establishment  which  he  directed,  when  the  Paris  meeting  was 
repeated  in  1878.  His  death  took  place  on  7th  February  1880,  after 
a  short  illness,  in  the  middle  of  his  eighty-fifth  year. 

Lewis  Olrick  was  born  at  Frederiksborg  in  Denmark,  on 
26th  September  1827,  and  after  leaving  college  served  his  time  in 
a  marine  engineering  shop,  and  then  entered  the  Danish  navy  as  an 
engineer.  About  1849  he  came  to  London,  and  was  employed  with 
Messrs.  Maudslay  Sons  &  Field  ;  and  afterwards  became  manager 
to  an  engineering  firm  in  the  North  of  England.  About  1858  he 
started  in  business  for  himself  as  a  consulting  engineer  in  London, 
and  was  engaged  as  scientific  witness  in  numerous  patent  cases. 
For  many  years  past  he  manufactured  and  successfully  introduced 
the  "  Field "  boilers  and  tubes.  His  death  took  place  from  an 
apoplectic  seizure  on  21st  August  1880,  in  the  fifty-third  year 
of  his  age.     He  became  a  Member  of  the  Institution  in  18G7. 

Millin  Selby  was  born  at  Courtown,  near  Gorey,  county 
Wexford,  Ireland,   on    26th  January    1830  ;    and   was   educated   at 
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Brucko  Hall  Scliool,  Warrington.  After  serving  the  usual 
period  of  pupilage  as  a  mechanical  engineer,  lie  was  engaged  by 
Messrs.  do  Jersey  of  Manchester  in  1856  to  proceed  to  Russia  to 
erect  the  machinery  for  a  large  cotton  mill  near  Moscow.  On 
completion  of  this  he  was  employed  by  Messrs.  Karetnikoff  of 
Teakova  to  superintend  the  erection  there  of  cotton  spinning  mills 
and  weaving  sheds,  dye  and  bleach  works,  &c,  of  which  he 
afterwards  conducted  the  management  successfully  for  upwards  of 
nineteen  years.  In  1876  he  returned  to  England,  and  soon  afterwards 
bought  the  works  of  the  Patricroft  Spinning  Co. ;  these  he  carried 
on  until  his  death,  which  took  place  on  12th  July  1880,  after  a  short 
illness.     He  became  a  Member  of  the  Institution  in  1867. 


Jan. 1881. 


Institution  of  Ulaljanixal  (Engineers. 


PROCEEDINGS. 


January  1881. 


The  Thirty-fourth  Annual  General  Meeting  of  the  Institution 
was  held  at  the  Institution  of  Civil  Engineers,  London,  on  Thursday, 
27th  January,  1881,  at  Half-past  Seven  o'clock  p.m.;  Edward  A. 
Cowper,  Esq.,  President,  in  the  chair. 

The  Minutes  of  the  last  Meeting  were  read,  approved,  and  signed 
by  the  President. 

The  President  announced  that  the  Ballot  Lists  for  the  election  of 
New  Members  had  been  opened  by  a  committee  of  the  Council,  and 
the  following  New  Members,  Associate,  and  Graduates  were  found  to 
be  duly  elected  : — 

MEMBERS. 

John  Audrey  Frederick  Aspinall, 
John  Davis  Barnett,     . 


Thomas  Bradley, 
Charles  John  Copeland, 
Heber  Duckham, 
Thomas  Buttwell  Ewen, 
Alfred  Seale  Haslam, 
Thomas  Jefferiss, 
'Cecil  Brooke  Palmer, 
Anthony  Patterson, 
John  Pattinson, 
Charles  Holloway  Reed, 
Charles  Sandiford,  . 
William  Weallens  Shanks, 


Dublin. 

Stratford,  Canada. 

Newark. 

Barrow-in-Furness. 

London. 

Birmingham. 

Derby. 

Birmingham. 

Nottingham. 

Ulverston. 

Kosloff,  Russia. 

Sunderland. 

Lahore,  India. 

London. 


10 


ELECTION    OF    NEW    MEMBERS. 


J  ax.  1881. 


William  Sissox, 

John  Seaton  Warburton, 


Wesley  William  Wilson, 
Henry  Barcroft, 


associate. 


graduates. 
John  Edward  Compton-Bracebridge, 
James  Ibbs  Lawsox, 

Ranald  Mackintosh  Macdonald, 


Falmouth. 
London. 


William  Frkke  Maxwell  Williams,  .     London. 


Dublin. 


Armagh. 


London. 
Christchurch, 

New  Zealand. 
Christchurch, 

New  Zealand. 


The  following  Annual  Beport  of  the  Council  was  then  read : — 


ANNUAL  BEPOET  OF  COUNCIL. 

1881. 

The  Council  have  pleasure  in  laying  the  following  Annual 
Beport  before  the  Meeting,  on  this  occasion  of  the  Thirty-fourth 
Anniversary  of  the  Institution. 

At  the  end  of  the  year  1880  the  total  number  of 'names  of  Members 
of  aU  classes  on  the  roll  of  the  Institution  was  1210,  as  compared 
with  1178  at  the  corresponding  period  of  the  previous  year.  The 
increase  arises  as  fullows: — there  were  elected  within  the  year  80 
Members  of  all  classes  ;  there  were  lost  from  the  register  by  deceases 
8  names  of  all  classes,  and  by  resignation  or  removal  40  names 
of  all  classes.  This  effective  increase  of  32  is  highly  satisfactory, 
considering  the  position  in  which  engineers  in  general  have  been 
placed  during  the  past  year,  being  fully  equal  to  the  average 
annual  increase  in  the  Institution. 
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The  following  Deceases  of  Members  of  the  Institution  have 
occurred  during  the  past  year  : — 

Sir  Thomas  Bocch, Edinburgh. 

Thomas  Broadbent, Huddersfield. 

Thomas  Check  ley, Walsall. 

"William  Clark, London. 

Thomas  Elwell,  Sen., Paris. 

Thomas  Hawthorn, Gateshead. 

"William  Ebenezer  Marshali Leeds. 

Genekal  Arthur  Mortn Paris. 

Lewis  Olriok, London. 

Millin  Selby, Patricroft. 

Of  these  General  Morin,  Director  of  the  Conservatoire  des  Arts 
et  Metiers,  was  an  Honorary  Life  Member  of  the  Institution,  having 
been  so  nominated  by  the  Council  on  the  occasion  of  the  first  meeting 
of  the  Institution  in  Paris  in  1867. 

The  following  gentlemen  have  resigned  their  Membership  in  the 
Institution  during  the  past  year  : — 

"William  George  Beattie, London. 

John  Addison  Birkbeck Middlesbrough. 

James  Irving  Carson,       Annan. 

"Walter  Chamberlain, Birmingham. 

Charles  Clayton, Preston. 

Eobert  Moss  Collingham, Hull. 

"William  Hackney, Newport,  Mon. 

"William  Edward  Heat, Rochdale. 

"Wilson  Lloyd, Wednesbury. 

"William  Moor, Hetton. 

John  Edward  Pearson  (Graduate) Newton-le-"Willo\vs. 

Thomas  Dyne  Steel, Newport,  Mon. 

James  Evers  Swindell, Stourbridge. 

Enrique  de  Vial  (Associate), Santander. 

The  following  gentlemen  have  ceased  to  be  Members  of  the 
Institution  during  the  past  year  : — 

Henry  Berriman  Cues, Manchester. 

John  Gillett, Melksham. 

John  R.  Griffiths, Pontypool. 
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Bobebt  Gbtjndy, Wigan. 

Joseph  Holiday, Bradford. 

Henby  Kinsey, Swansea. 

James  Lees, Derby. 

Alexander  McNeile, London. 

William  Pbtoeaux  Naish Birmingham. 

William  Maxfield  Newton London. 

John  James  Trow, Wednesbury. 

John  William  Wass, Newcastle-on-Tyne. 

John  Withinshaw, Birmingham. 

The  accounts  for  the  year  1880,  Laving  been  passed  by  the 
Finance  Committee,  and  Laving  been  audited  by  Messrs.  Robert  A. 
McLean  &  Co.,  Public  Accountants,  are  now  submitted  to  the 
Members  (see  Appendix  I.).  It  will  be  seen  tbat  tLe  receipts  for 
the  year  Lave  been  £4085  lis.  7^.,  wbile  the  expenditure  Las  been 
£3325  7s.  IOcL,  sbowing  a  balance  of  receipts  over  expenditure  of 
£760  3s.  9(7.  A  Balance  Sheet  is  also  appended,  showing  the 
financial  position  of  tLe  Institution  at  tLe  end  of  the  year  to  be 
thoroughly  satisfactory.  It  will  be  seen  that  the  total  investments 
and  otlier  assets  amounted  to  £13,164  9s.  5cL,  and  tLat  tLe  liabilities 
were  nil,  tLe  capital  of  tLe  Institution  at  tLe  end  of  tLe  year  being 
therefore  £13,161  9s.  5cL  TLe  greater  part  of  tLis,  as  will  be  seen, 
is  invested  in  Four  per  cent.  Railway  Debenture  Stocks,  registered 
in  the  name  of  the  Institution. 

Referring  to  the  subject  of  Experimental  Research,  the  Committee 
on  the  Hardening,  Tempering,  and  Annealing  of  Steel  were  enabled 
to  avail  themselves  of  a  very  generous  offer  made  by  Professor 
Williamson,  F.R.S.,  to  carry  out  a  series  of  analyses  of  hardened 
and  unhardened  steel,  at  the  Laboratory,  University  College,  London. 
Much  time  has  been  expended  upon  these  experiments,  owing  to  the 
great  difficulty  of  finding  auy  system  of  analysis  that  would  give 
conclusive  data  on  the  particular  points  on  which  the  Committee 
wished  for  information ;  but  the  Committee  expect  now  to  have  the 
final  results  in  their  hands  at  an  early  date.  Upon  Riveted  Joints 
a  long  and  valuable  series  of  experiments  has  generously  been  carried 
out  at  University   College  by  Professor  Kennedy,  with  his  excellent 
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testing  machine ;  the  steel  being  supplied  by  the  Landorc  Steel  Co., 
and  the  specimens  prepared  by  the  Wallsend  Slipway  Co.,  in  the 
most  liberal  manner,  and  in  both  cases  free  of  exj)ensc  to  the 
Institution.  The  Council  feel  that  the  thanks  of  the  Institution 
are  due  to  all  these  gentlemen  for  their  kind  assistance,  in  thus 
enabling  the  Committee  to  conduct  an  investigation  which  they 
believe  will  be  found  of  great  practical  value.  The  results  would 
have  been  already  in  the  hands  of  the  Members,  but  that  it  was 
considered  desirable  to  check  them  by  some  final  experiments  on  a 
larger  scale,  but  embodying  in  fact  the  results  of  the  investigations 
already  made.  These  experiments  are  now  in  progress,  the  Barrow 
Hasmatite  Steel  Co.  having  kindly  offered  the  use  of  their  large 
testing  machine  for  the  purpose  ;  and  it  is  hoped  that  the  results 
of  the  enquiry  will  shortly  be  in  a  condition  to  be  laid  before  the 
Institution. 

The  Library  of  the  Institution  has  been  considerably  augmented 
during  the  past  year,  by  the  books  purchased  with  the  bequest  of 
£100,  received  in  February  from  the  executors  of  the  late  Mr.  Bobert 
Napier,  Past-President.  Of  these  a  list  is  appended,  and  it  will  bo 
seen  that  they  consist  mainly  of  standard  works  of  reference,  in 
connection  with  the  several  branches  of  mechanical  science.  They 
are  arranged  as  a  separate  portion  of  the  library,  and  lettered  as  the 
Napier  Bequest.  The  library  has  further  received  donations  of 
£10  10s.  from  Mr.  B.  A.  McLean,  auditor  to  the  Institution,  £10  10s. 
from  the  President,  and  £1  Is.  from  Mr.  M.  M.  Brophy  ;  and  many 
valuable  contributions  of  books  etc.,  as  will  be  seen  by  the  list 
appended.  The  Council  trust  that  the  example  thus  set  by  some  of 
the  Members  and  friends  of  the  Institution  will  be  largely  followed 
by  others,  in  the  donation  of  books,  pamphlets,  drawings,  or  original 
reports ;  and  in  particular  of  all  publications  giving  the  results  of 
experiments  or  researches  made  by  Members  of  the  Institution  or 
their  friends. 

In  view  of  the  large  increase  of  the  Library,  a  new  Catalogue  has 
been  prepared,  which  will  shortly  be  in  the  hands  of  the  Members. 

(For  List  of  Donations  see  Ajrpendix  II) 


14  ANNUAL    REPORT.  JAW.  1881. 

The  Meetings  held  in  1880  were  the  Annual  General  Meeting 
and  the  Spring  Meeting,  both  in  London,  and  lasting  two  days  eucli, 
tho  Summer  Meeting  of  three  days  at  Barrow-in-Furness,  and  the 
Autumn  Meeting  in  Manchester.  Thus  eight  clays  in  all  were 
devoted  to  the  reading  and  discussion  of  Papers,  the  list  of  which,  as 
published  in  the  Proceedings,  is  as  follows  : — 

Reply  on  the  Discussion  upon  Fireless  Locomotives  ;  by  M.  Leou  Franco. 

On  Brown's  Tramway  Locomotive;  by  Mr.  B.  C.  Browne. 

On  Improvements  in  Machinery  for  Boiling  Iron  and   Steel   Plates;   by  Mr. 

Edward  Hutchinson. 
Is  Automatic  Action  necessary  or  desirable  in  a  Continuous  Railway  Brake  ?  by 

Mr.  T.  Hurry  Biches. 
On  the  Structure  of  Cast-Steel  Iugots,   by  D.   Cbernoff;    translated  by   Mr. 

William  Anderson. 
On  Permanent  Way   for  Street  Tramways,    with   special  reference  to   Steam 

Traction ;  by  Mr.  J.  D.  Larsen. 
Remarks  on  Chernoff's  Papers  on  Steel;  by  Mr.  William  Anderson. 
On  Water-Pressure  Engines  for  Mining  purposes;  by  Mr.  Henry  Davey. 
On  Electric  Lighting ;  by  Dr.  John  Hopkinson,  F.R.S.     (Second  Paper.) 
On  the  Manufacture  of  Steel  and  the  mode  of  Working  it,  by  D.  Chernoff ; 

translated  by  Mr.  William  Anderson.     (Reprinted.) 
On  the  Docks  and  Railway  Approaches  at  Barrow-in-Furness ;  by  Mr.  F.  C. 

Stilemau. 
On  the  Steam-Ship  "  City  of  Rome" ;  by  Mr.  James  Humphrys. 
On  the  Hsematite  Iron  Mines  of  the  Furness  District ;  by  Mr.  J.  L.  Shaw. 
On  the  Manufacture  of  Jute  ;  by  Mr.  William  Fleming. 
On  the  Steel-Compressing  arrangements  at  the  Barrow  Works ;  by  Mr.  Alfred 

Davis. 
On  a  new  Reversing  and  Expansive  Valve-Gear  ;  by  Mr.  David  Joy. 
On  a  Standard  Gauge  for  High  Pressures ;  by  M.  George  Marie'. 
On  Recent  improvements  in  the  Machinery  for  Preparing  and  Spinning  Cotton  ; 

by  Mr.  Eli  Spencer. 
On  Implements  and  Machinery  for  Cultivating  Land  by  Horse-power ;  by  Mr. 

W.  R.  Bousfield. 

The  attendances  at  the  Meetings  have  been  very  satisfactory. 
There  were  at  the  Annual  General  Meeting  110  Members  and  63 
visitors ;  at  the  Spring  Meeting  73  Members  and  73  visitors  ;  at  the 
Summer  Meeting  164  Members  and  67  visitors;  and  at  the  Autumn 
Meeting  67  Members  and  66  visitors. 
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The  thanks  of  the  Members  are  clue  to  the  friends  of  the 
Institution  in  Barrow  and  the  neighbourhood  for  their  exertions  in 
reference  to  the  Summer  Meeting  of  the  Institution,  and  for  the 
pleasure  given  to  the  Members  by  their  visits  to  the  New  Docks, 
the  Steel  Works,  the  Shipbuilding  Works  (where  the  City  of  Borne 
was  inspected),  and  other  important  works  in  Barrow,  and  also  to 
the  principal  blast  furnaces  and  haematite  iron  mines  in  the  Furness 
district. 

The  Meeting  terminated  with  a  pleasurable  trip  to  Windermere, 
when,  as  well  as  on  the  previous  excursions,  the  Members  received 
very  hospitable  entertainment. 

In  accordance  with  the  Eules  of  the  Institution,  the  President, 
two  Vice-Presidents,  and  five  Members  of  Council  in  rotation,  go  out 
of  office  this  day.  The  result  of  the  ballot  for  the  election  of  the 
Council  for  the  present  year  will  be  reported  to  the  Meeting. 
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APPENDIX  I. 

Dr.  ACCOUNT  OF  EXPENDITURE  AND  EECEIPTS 

Expenditure.  £      s.    d. 

To  Printing  and  Engraving  Proceedings  of  1880  .     .     .087    3    9 

„  Reprinting  former  Proceedings 42  19     G 

730     3    3 

Less  Authors9  Copies  of  Papers,  repaid 52  14     8     C77     8     7 

„  Stationery,  Binding,  and  General  Printing 187  8  1 

„  Rent        .' ' 550  0  0 

,,  Salaries  and  Wages 1147  11  0 

„  Coals,  Firewood,  and  Gas 8  15  0 

.,  Fittings  and  Repairs 27  3  2 

„  Postages 197  5  10 

„  Insurance 3  7  9 

„  Travelling  Expenses 19  19  8 

„  Petty  Expenses 48  3  8 

„  Meeting  Expenses — 

Printing 43    9     2 

Translating 1H  13     0 

Reporting 07  15  10 

Diagrams,  Screen,  Ac 17    8    7 

Travelling  and  Incidental  Expenses    ....         78     G     1  220  12  8 

„  Research ~     '.     T     121  19    4 

„  Bocks  purchased 115  13     1 

i  balance,  being  excess  of  Receipts  over  Expenditure 7G0    3    9 


£4,0S5  11     7 


Dr.  BALANCE  SHEET, 

£       s.    d. 
< 'apital  of  the  Institution  at  this  date 13,164     9     5 


£13,164     9     5 


(Signed)    EDWARD  A.  COWPER 

THOMAS  R.  CRAMPTON  ">  Finance  Committee. 
GEORGE  B.  RENNIE 
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APPENDIX  I. 

FOR  THE  YEAR  ENDING   31st  DECEMBER  1880.  Cr. 

Receipts.  £      s.    d. 
By  Entrance  Fees — 

67  New  Members  at  £2 134  0  0 

3  New  Associates  at  £2 6  0  0 

12  New  Graduates  at  £1 12  0  0 

2  Graduates  transferred  to  Members  at  £1  .  2  0  0      154     0     0 

„  Subscriptions  for  1880 — 

991  Members  at  £3        2,973  0  0 

22  Associates  at  £3 66  0  0 

54  Graduates  at  £2 108  0  0 

2  Graduates  transferred  to  Members  at  £1       .  2  0  0  3,149     0     0 

„  Subscriptions  in  arrear — 

44  Members  at  £3 132  0  0 

2  Graduates  at  £2 4  0  0      136     0     0 

„  Subscriptions  in  advance — 

1 0  Members  at  £3 30  0  0 

1  Graduate  at  £2 2  0  0        32     0     0 

„  Donations — 

Legacy  from  the  late  Bobert  Napier  .           .      .  100  0  0 

Other  Donations 22  1  0      122     1     0 

„  Interest — 

From  Investments 351  8  6 

From  Bank 18  1  7      369  10     1 

„  Keports  of  Proceedings — 

Extra  Copies  sold 123     0     6 

£4,085  11     7 


AS  AT  31st  DECEMBER  1880.  Cr. 

£      s.    d. 

By  Cash— In  Bank 346  11     5 

In  Secretary's  hands 250     0    0         596  11     5 

„  Investments — 

£3,178  London  &  N.  W.  By.  4%  Debenture  Stock 
£2,200  North  Eastern,         „     „  „  „ 

£1,800  Midland  „     „  „ 

£1,800  Great  Western        „     „  „  „ 

£8,978 cost      8,868     4  11 

Note — The  Market  Value  of  these  investments 
at  3lst  Dec.  1880  teas  £10,300 

„  Subscriptions  in  Arrear 334  0  0 

„  Office  Furniture  and  Fittings 350  0  0 

„  Library  and  Proceedings 2,615  13  1 

„  Drawings,  Engravings,  Models,  Specimens,  and  Sculpture      .  400  0  0 

£13,164     9     5 

Audited  and  Certified  by 

KOBERT  A.  McLEAN  &  Co.,  Auditors,  8  Old  Jewry,  London. 

H 
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APPENDIX  II. 


NAPIER  BEQUEST. 

Theory  of  the  Steam  Engine,  by  Tambour. 

Engineering  Precedents  for  Steam  Machinery,  by  B.  F.  Isherwood. 

Experimental  Researches  in  Steam  Engineering,  by  B.  F.  Isherwood. 

Allgemeinc  Maschinenlehre,  by  M.  Riihlmann.     (1  vols.) 

Treatise  on  Valve  Gears,  by  G.  Zeuner. 

Practical  Treatise  on  the  Steam  Engine,  by  A.  Rigg. 

Steam,  Air,  and  Gas  Engines,  by  J.  Bourne. 

Experiences  des  Machines  a  Feu,  by  V.  Regnault. 

Puissance  motrice  du  Feu,  by  S.  Carnot. 

Wood- Working  Machines,  by  J.  Richards. 

British  Manufacturing  Industries,  by  G.  P.  Bevan.    (14  vols.) 

Steam  Engine,  considered  as  a  Heat  Engine,  by  J.  H.  Cotterill. 

Descriptive  History  of  the  Steam  Engine,  by  R.  Stuart. 

The  Indicator  and  Dynamometer,  by  T.  J.  Main  and  T.  Drown. 

Warming  and  Ventilating  of  Buildings,  by  C.  Hood, 

Warming  and  Ventilation  of  Buildings,  by  C.  J.  Richardson. 

Warming  and  Ventilating  of  Buildings,  by  T.  Tredgold. 

Manufacture  and  Distribution  of  Coal  Gas,  by  S.  Clegg. 

Technical  Valuation,  Purification,  and  Use  of  Coal  Gas,  by  W.  R.  Bowditcb 

Canal  and  River  Engineering,  by  D.  Stevenson. 

Design  and  Construction  of  Harbours,  by  D.  Stevenson. 

Steam  and  Steam  Navigation,  by  J.  Scott  Russell. 

Construction  navale,  by  J.  A.  Normand. 

Architecture  navale,  by  Wazon. 

Manual  of  Naval  Architecture,  by  W.  H.  White. 

Our  Ironclads,  by  E.  J.  Reed. 

Theory  of  Vessels,  by  L.  Euler;  Translated  by  II.  Watson. 

Railroads  and  Carriages,  by  T.  Tredgold. 

Locomotive  Engineering  and  Mechanism  of  Railways,  by  Z.  Colburn. 

Railway  Engineering :  Permanent  Way,  Rolling  Stock,  &c,  byT!.  Couche, 

Chemins  de  fer  en  Ame'rique,  by  Lavoinne  and  Tonfzen. 

Construction  des  Chemins  de  fer  en  temps  de  Guerre,  by  Lessar. 

Practical  Treatise  on  Railroads,  by  N.  Wood. 

Construction  of  Wrought-Iron  Bridges,  by  J.  II.  Latham. 

Stabilite  des  Revetements  et  de  leur  Fondations,  by^Poncelet. 

Iron  Bridges  and  Rcofs,  by  A.  Ritter. 
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Boiler  and  Factory  Chimneys,  by  R.  Wilson. 

Crumlin  Viaduct,  by  H.  N.  Maynard. 

Long  Span  Eailway  Bridges,  by  B.  Baker. 

Practical  Treatise  on  Bridge  Building,  by  S.  Whipple. 

Strength  of  Limes,  Cements,  Mortars,  &c,  by  C.  W.  Pasley. 

Mortars  and  Cements,  by  L.  J.  Vicat. 

The  Manufacture  and  Uses  of  Portland  Cement,  by  H.  Reid. 

Civil  Engineering  in  America,  by  D.  Stevenson. 

Gwilt's  Encyclopaedia  of  Architecture,  by  W.  Papworth. 

Manual  of  Hydrology,  by  N.  Beardmore. 
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Donkin,  Jun. 
Elements  of  Geometry,  by  John  Leslie  ;  from  Mr.  Bryan  Donkin,  Jun. 
Mechanic's  Pocket  Dictionary,  by  William  Grier ;  from  Mr.  Bryan  Donkin,  Jun. 
Album  des  Chemins    de   fer,   by    Perdonnet  and   Cornet;    from  Mr.   Bryan 

Donkin,  Jun. 
Re'sultats  obtenus  des  Locomotives  Compound,  by  Anatole  Mallet;    from   the 

author. 
Manchester    Public    Free    Libraries,    Report    1S79-S0;     from    the    Libraries 

Committee. 
Steam  Boiler  Explosions,  by  Edward  B.  Marten  ;  from  the  author. 
The  Smoke  Question,  by  C.  William  Siemens ;  from  the  author. 
Principles  of  Mechanism,  by  R.  Willis ;  from  Mr.  Bernard  P.  Walker. 
Fabrication  de  la  Fonte  et  du  Fer  (with  plates),  by  E.  Flachat,  A.  Barrault,  and 

J.  Petiet ;  from  Mr.  Bernard  P.  Walker. 
Rate  of  Barometric  Changes,  by  G.  M.  Whipple ;  from  the  author. 
Periodicity  of  Rainfall,  by  G.  M.  Whipple  ;  from  the  author. 
Report  of  Kew  Observatory,  1880,  by  G.  M.  Whipple ;  from  the  author. 
Regenerative  Fire-Brick  Hot-Blast  Stoves,  by  Edward  A.  Cowper ;    from  the 

author. 
Ploughs  and  Ploughing,  by  J.  E.  Ransome;  from  the  author. 
Double-Furrow  Ploughs,  by  J.  E.  Ransome;  from  the  author. 

Reports  of  the  Academy  of  Sciences,  France ;  from  the  Academy. 

Reports  of  the  Royal  Academy  of  Sciences,  Belgium  ;  from  the  Academy. 

Reports  of  the  Royal  Institute  of  Engineers,  Holland ;  from  the  Institute. 

Annales  des  Ponts  et  Chaussees,  Paris ;  from  the  Directors. 

Proceedings  of  the  French  Institution  of  Civil  Engineers ;  from  the  Institution. 

Journal  of  the  French  Society  for  the  Encouragement  of  National   Industry  ; 

from  the  Society. 
Report  of  the  French  Association  for  the  Advancement  of  Science ;   from  the 

Association. 
Journal  of  the  Marseilles  Scientific  and  Industrial  Society;  from  the  Society. 
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Proceedings  of   the  Engineers'  and  Architects'    Society  of  Milau ;   from  the 

Society. 
Proceedings  of  the   Engineers'  and  Architects'   Society  of  Pome ;    from  the 

Society. 
Proceedings  of  the  Engineers'  and  Architects'  Society  of  Canton  Vaud ;  from 

the  Society. 
Proceedings  of  the  Engineers'  and  Architects'  Society  of  Austria ;  from  the  Society. 
Proceedings  of  the  Architects'  and  Engineers'  Society  of  Hanover;  from  the 

Society. 
Proceedings  of  the  Engineers'  and  Architects'  Society  of  Prague;   from   the 
V   Society. 

Proceedings  of  the  Industrial  Society  of  St.  Quentin ;  from  the  Society. 
Proceedings  of  the  Industrial  Society  of  Mulhouse ;  from  the  Society. 
Proceedings  of  the  Industrial  Society  of  the  North  of  France ;  from  the  Society. 
Proceedings  of  the  Saxon  Society  of  Engineers  and  Architects  ;  from  the  Society. 
Proceedings  of  the  Swedish  Society  of  Engineers  ;  from  the  Society. 
Journal  of  the  Norwegian  Polytechnic  Society ;  from  the  Society. 
•Journal  of  the  Franklin  Institute ;  from  the  Institute. 
Transactions  of  the  American  Society  of  Civil  Engineers ;  from  the  Society. 
Transactions  of  the  American  Institute  of  Mining  Engineers  ;  from  the  Institute. 
Peport  of  the  Smithsonian  Institution ;  from  the  Institution. 
American  Patent  Office,  list  of  Inventions,  &c. ;  from  the  Office. 

Proceedings  and  Journal  of  the  Asiatic  Society  of  Bengal ;  from  the  Society. 

Peport  of  the  Sassoon  Mechanics'  Institute,  Bombay ;  from  the  Institute. 

Proceedings  of  the  Institution  of  Civil  Engineers ;  from  the  Institution. 

Journal  of  the  Iron  and  Steel  Institute ;  from  the  Institute. 

Transactions  of  the  Society  of  Engineers ;  from  the  Society. 

Journal  of  the  Society  of  Telegraph  Engineers  ;  from  the  Society. 

Transactions    of    the    Institution    of    Civil    Engineers  of    Ireland ;    from    the 
Institution. 

Transactions  of  the   North  of  England  Institute  of  Mining  and  Mechanical 
Engineers ;  from  the  Institute. 

Proceedings  of  the  South  Wales  Institute  of  Engineers  ;  from  the  Institute. 

Transactions  of  the  Institution  of  Engineers  and  Shipbuilders  in  Scotland  ;  from 
the  Institution. 

Transactions  of  the    Midland    Institute    of  Mining,    Civil,    and    Mechanical 
Engineers ;  from  the  Institute. 

Proceedings  of  the  Cleveland  Institution  of  Engineers ;  from  the  Institution. 

Transactions  of  the  West  of  Scotland  Mining  Institute  ;  from  the  Institute. 

Proceedings  of  the  Koyal  Society  of  London  ;  from  the  Society. 

Proceedings  of  the  Koyal  Society  of  Edinburgh  ;  from  the  Society. 

Proceedings  of  the  Koyal  Institution  ;  from  the  Institution. 
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Transactions  of  the  Institution  of  Surveyors ;  from  the  Institution. 

Proceedings    of  the    Association  of    Municipal    and   Sanitary    Engineers   and 

Surveyors  ;  from  the  Association. 
Journal  of  the  Eoyal  United  Service  Institution  ;  from  the  Institution. 
Papers  of  the  Royal  Engineer  Institute ;  from  the  Institute. 
Proceedings  of  the  Eoyal  Artillery  Institution  ;  from  the  Institution. 
Journal  of  the  Eoyal  Agricultural  Society  of  England ;  from  the  Society. 
Journal  of  the  Statistical  Society ;  from  the  Society. 
Eeport  of  the  British  Association  for  the  Advancement  of  Science ;  from  the 

Association. 
Eeport  of  the  Eoyal  Cornwall  Polytechnic  Society  ;  from  the  Society. 
Eeport  of  the  Miners'  Association  of  Cornwall  and  Devon;  from  the  Association. 
Transactions  of  the  Institution  of  Naval  Architects;  from  the  Institution. 
Transactions  of  the  Eoyal  Institute  of  British  Architects ;  from  the  Institute. 
Eeport  of  the  British  Association  of  Gas  Managers ;  from  the  Association. 
Proceedings  of  the  Physical  Society  of  London ;  from  the  Society. 
Proceedings  of  the  Literary  and  Philosophical  Society  of  Manchester ;  from  the 

Society. 
Eeport  of  the  Manchester  Geological  Society  ;  from  the  Society. 
Journal  of  the  Eoyal  Scottish  Society  of  Arts  ;  from  the  Society. 
Proceedings  of  the  Philosophical  Society  of  Glasgow ;  from  the  Society. 
Transactions  of  the  Eoyal  Irish  Academy  ;  from  the  Academy. 
Journal  of  the  Liverpool  Polytechnic  Society ;  from  the  Society. 
Journal  of  the  Society  of  Arts ;  from  the  Society. 
Eeports  of  the  Manchester  Steam  Users'  Association ;  from  Mr.  Lavington  E. 

Fletcher. 
Eeport  of  the  Boiler  Insurance   and  Steam  Power  Company;   from   Mr.  Niel 

McDougall. 
Eeport  of  the  National  Boiler  Insurance  Company  ;  from  Mr.  Henry  Hiller. 
Eeport  of  the  Liverpool  Free  Public  Library  and  Museum  ;  from  the  Committee, 

The  Engineer ;  from  the  Editor. 

Engineering  ;  from  the  Editor. 

Iron ;  from  the  Editor. 

The  Mining  Journal ;  from  the  Editor. 

The  Eailway  Eecord ;  from  the  Editor. 

The  Colliery  Guardian ;  from  the  Editor. 

The  Iron  and  Coal  Trades  Eeview ;  from  the  Editor. 

Eyland's  Iron  Trade  Circular ;  from  the  Editor. 

Revue  ge'ne'rale  des  Chemins  de  fer ;  from  the  Directors. 

Milan  Polytechnic  Journal  (II  Politecnico)  ;  from  the  Editor. 

Aimales  des  Travaux  Publiques ;  from  the  Proprietors. 
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The  Railroad  Gazette  ;  from  the  Editor. 

The  Eailway  Engineer ;  from  the  Editor. 

The  Engineering  and  Mining  Journal ;  from  the  Editor. 

The  Telegraphic  Journal  and  Electrical  Review ;  from  the  Editor. 

The  Fireman ;  from  the  Editor. 

The  Universal  Engineer ;  from  the  Editor. 

The  Marine  Engineer ;  from  the  Editor. 

The  Contract  Journal ;  from  the  Editor. 

The  Machinery  Market ;  from  the  Editor. 


30  ANNUAL    ELECTION    OF    OFFICERS.  Jam.  1881. 

Tho  President  moved  the  adoption  of  the  Annual  Report  of  the 
Council.     The  motion  was  carried  unanimously. 


The  President  announced  that  the  Ballot  Lists  for  the  election  of 

Officers  had  been  opened  by  a  committee  of  the  Council,  and  tho 
following  Members  of  Council  were  found  to  be  elected  for  tho 
present  year : — 

president. 

Edward  A.  Cowper,  ....  London. 

vice-presidents. 

Charles  Cochrane,         .  .  .  Stourbridge. 

Francis  W.  Webb,     ....  Crewe. 

MEMBERS    OF    COUNCIL. 

David  Greig,         ....  Leeds. 

Arthur  Paget,  ....  Loughborough. 

Richard  Peacock,  .  .  .  Manchester. 

Sir  James  Ramsden,  .  .  .  Barrow-in-Furness. 

George  B.  Rennie,         .  .  .  London. 

The  Council  for  the  present  year  would  therefore  be  as  follows : — 

PRESIDENT. 

Edward  A.  Cowper,  ....  London. 

PAST-PRESIDENTS. 

Sir  William  G.  Armstrong,  C.B.,  D.C.L., 

LL.D.,  F.R.S.,    ....  Newcastle-on-Tyne. 

Frederick  J.  Bramwell,  F.R.S.,  .  London. 

Thomas  Hawksley,  F.R.S.,     .  .  London. 

James  Kennedy,         ....  Liverpool. 
John  Ramsbottom,           .          .          .  Alderley  Edge. 

John  Robinson,  ....  Manchester. 

C.  W.  Siemens,  D.C.L.,  LL.D.,  F.R.S.,  London. 
Sir  Joseph  Whitworth,  Bart.,  D.C.L., 

LL.D.,  F.R.S.,    ....  Manchester. 
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VICE-PRESIDENTS. 

I.  Lowthian  Bell,  F.K.S., 
Charles  Cochrane, 
Jeremiah  Head, 
Charles  P.  Stewart,     . 
Francis  W.  Webb,     . 
Percy  G.  B.  Westmacott, 


Northallerton. 

Stourbridge. 

Middlesbrough. 

Sunninghill. 

Crewe. 

Newcastl  e-on-Tyne. 


members  of  council. 
Daniel  Adamson,       .... 
William  Anderson, 
Thomas  E.  Cramptox, 
Edward  Easton,  .... 
David  Greig,    ..... 
J.  Hawthorn  Kitsox,     . 
William  Menelaus, 
Arthur  Paget,     .... 
Eichard  Peacock,     .... 
John  Penn,  .... 

Sir  James  Eamsden, 
George  B.  Eennie, 
William  Eichardson, 
Joseph  Tomlinson,  Jun., 
E.  Price  Williams, 


Manchester. 

London. 

London. 

London. 

Leeds. 

Leeds. 

Dowlais. 

Loughborough. 

Manchester. 

London. 

Barrow-in-Furness. 

London. 

Oldham. 

London. 

London. 


The  President  said  he  felt  greatly  honoured  by  being  elected  for 
a  second  year.  Although  the  duties  were  somewhat  arduous,  he  was 
happy  to  devote  himself  as  far  as  possible  to  the  interests  of  the 
Institution.  The  only  condition  was  that  which  he  had  mentioned  in 
the  first  instance — that  the  Members  would  give  support  to  the  chair. 
It  was  only  by  conducting  their  affairs  in  a  proper  and  a  regular 
manner  that  it  was  possible  for  an  Institution  like  this  to  flourish. 
The  example  of  many  years  past  was  quite  sufficient  to  encourage 
them  in  going  forward,  and  adding  to  their  numbers  more  and  more. 
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The  Institution  was  becoming  more  appreciated  on  the  Continent,  in 
America,  and  elsewhere,  as  the  first  Institution  of  the  world  in 
regard  to  mechanical  engineering  ;  and  he  hoped  it  would  continue 
to  occupy  that  proud  position,  and  would  go  on  prospering  and  to 
j>rosper. 


The  President  wished  to  remind  the  members  that  the  Summer 
Meeting  would  be  held  at  Newcastle-on-Tyne,  as  had  been  arranged 
at  the  time  of  the  meeting  at  Barrow.  They  would  all  agree  that 
that  had  been  a  very  satisfactory  meeting,  and  there  was  every  reason 
to  believe  that  the  meeting  at  Newcastle  would  be  even  better  than 
anything  that  had  gone  before.  A  local  committee  had  been  formed, 
consisting  of  a  large  number  of  influential  gentlemen ;  and  he  was 
happy  to  say  that  their  friend  Mr.  Westmacott  was  chairman  of  that 
committee.  He  was  sure  the  members  would  meet  with  a  very  hearty 
reception,  and  would  have  an  immense  number  of  works,  mines,  &c, 
to  visit ;  and  therefore  he  hoped  they  would  assemble  at  Newcastle, 
on  Tuesday  2nd  August,  in  great  numbers. 


Before  proceeding  to  the  reading  of  the  papers  on  the  list,  which 
he  believed  would  be  found  of  much  interest,  he  wished  to  express 
the  hope  that  the  members  would  discuss  them  in  a  thorough  manner, 
and  would  not  be  afraid  of  expressing  their  opinions.  He  had  been 
a  little  disappointed  at  the  Manchester  meeting,  because  after  some 
trouble  they  had  succeeded  in  getting  there  a  paper  on  a  Manchester 
subject,  namely  "  Cotton  Manufacture."  If  that  subject  was  ever  to 
be  discussed  anywhere  by  the  engineers  of  the  country,  it  ought  to  be 
discussed  in  Manchester ;  and  the  paper  read  was  a  very  good  one ; 
but  he  was  sorry  to  say  that  the  discussion  had  altogether  disappointed 
him.  He  had  himself  taken  a  great  deal  of  trouble  with  personal 
friends  to  get  cotton  manufacturers  and  manufacturers  of  machines 
for  cotton  to  attend  the  meeting,  and  they  did  attend;  but  he  was 
sorry  to  say  they  did  not  open  their  mouths,  so  that  the  meeting 
had  not  had  the  benefit  of  the  opinions  of  Manchester  men  on  a 
Manchester  manufacture.      On    the   present    occasion   the   subjects 
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brought  forward  were  of  a  more  varied  character,  and  he  hoped  there 
would  be  an  ample  and  a  lively  discussion  upon  them. 


The    following    papers    were    then    read    and   discussed : — 

On  Harvesting  Machinery ;  by  Mr.  Ernest  Samuelson,  of  Banbury. 
On  the  Various  modes  of  Transmitting  Power  to  a  distance;  by  M.  Arthur 
Achard,  of  Geneva. 

The  Meeting  was  then  adjourned  to  the  following  day. 


The  Adjourned  Meeting  of  the  Institution  was  held  at  the 
Institution  of  Civil  Engineers,  London,  on  Friday,  28th  January, 
1881,  at  Three  o'clock  p.m.;  Edward  A.  Cowper,  Esq.,  President,  in 
the  chair. 

The  following  papers  were  read  and  discussed  : — 

On  Machines  for  producing  Cold  Air ;  by  Mr.  T.  B.  Lightfoot,  of  Dartford. 

On  Stone-Dressing  Machinery ;  by  Mr.  J.  Dickinson  Brunton  and  Mr.  F.  Trier, 

of  London. 
On  the  Farquhar  Filtering  Apparatus ;  by  Mr.  Henry  Chapman,  of  London. 


The  President  proposed  a  vote  of  thanks  to  the  Institution  of 
Civil  Engineers  for  their  kindness  in  granting  their  rooms  for  the 
meeting,  which  was  carried  unanimously. 

The  Meeting  then  terminated. 


34  Jan.  ism. 


ON   f  TAR  VESTING  MACHINERY. 


By  Mb.  ERNEST  SAMUELSON,  of  Baneiky. 


In  a  paper  read  before  the  Manchester  meeting  of  this  Institution 
by  Mr.  W.  R.  Bousfield  (Proceedings,  October  1880,  p.  529),  the 
operations  of  agriculture  were  divided  into  four  chief  divisions,  as 
follows : — 

1.  Preparation  of  the  land. 

2.  Sowing  of  the  seed. 

3.  Harvesting  of  the  crops. 

4.  Preparation  of  the  crops  for  consumption. 

The  writer  proposes  to  take  for  his  subject  the  third  division,  and, 
without  going  into  the  history  of  the  question,  to  discuss  some  of 
those  machines  which  are  in  practical  use  in  the  country  at  the 
present  date. 

Harvesting  machines  may  be  divided  into  two  main  classes,  as 
follows : — 

(1)  Those  in  use  for  cutting  and  gathering  hay  crops,  whether  of 
natural  or  of  artificial  grasses  ; 

(2)  Those  designed  for  the  harvesting  of  corn  crops. 
The  first  division  may  be  subdivided  inito  three  classes :  — 

(a)  Machines  used  for  cutting  down  the  standing  grass;  or 
Mowing  Machines. 

(b)  Those  used  for  spreading  the  cut  grass,  in  order  to  expose  it 
to  the  influence  of  the  sun  and  wind  ;  or  Haymakers. 

(c)  Those  which  are  used  for  gathering  the  spread  crop ;  or  Horse 
Rakes. 

As  time  will  not  permit  of  the  latter  two  subdivisions  being 
included  in  this  paper,  the  writer  intends  to  confine  himself  on  shis 
occasion  to  the  first,  or  mowing  machines. 
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Mowing  Machines. 

A  Mowing  Machine  consists  of  three  main  parts  :  — 

(1)  The  cutting  apparatus,  which  travels  close  to  the  ground, 
generally  carried  on  a  wheel  at  each  end ; 

(2)  A  frame  containing  the  gearing  which  puts  the  cutting 
apparatus  in  motion  ; 

(3)  The  two  main  wheels,  which  support  the  frame,  and  by  their 
adhesion  furnish  the  motive  power  to  the  gearing. 

The  arrangement  generally  adopted  for  these  three  parts  is  that 
shown  in  Figs.  1,  7,  and  8,  Plates  ICand  2,  which  represent  two  of  the 
ordinary  forms  of  mowers.*  Other  arrangements  of  the  parts,  such 
as  placing  the  cutter-bar  B  in  front  of  and  between  the  main 
travelling  wheels  W  W,  are  occasionally  proposed  in  theory,  but 
seldom  or  never  employed  in  practice. 

The  pole  or  shaft  P,  by  which  the  horses  arc  attached  to  the 
machine,  is  generally  fixed  by  means  of  a  "  pole  bracket "  to  the  axle 
of  the  travelling  wheels,  and  turns  freely  upon  that  axle ;  in  many 
cases  the  draught  is  taken  direct  from  the  main  axle,  but  in  some  it 
is  taken  partly  from  the  axle  and  partly  from  the  main  frame  itself. 

Cutting  Aj)paratus. — The  transmission  of  the  motion  to  the 
cutting  apparatus  is  effected  generally  in  one  of  two  ways.  In  the 
first  case,  Figs.  1,  7,  and  8,  one  or  both  of  the  main  wheels  W  have 
an  internal  ring  of  teeth,  into  which  gears  one  or  a  pair  of  pinions, 
which  are  carried  on  a  first-motion  shaft  S,  and  transmit  their  motion 
to  it  by  means  of  ratchet-boxes  and  pawls.  They  thus  convey  motion 
to  the  cutting  apparatus  only  when  the  machine  is  moving  forward, 
the  wheels  revolving  independently  when  the  machine  is  being  turned 
or  moved  backwards.  On  the  first-motion  shaft  S  runs  loose  a  bevel 
wheel  N,  which  gears  into  a  bevel  pinion  keyed  on  a  longitudinal 
inclined  shaft.  On  the  front  end  of  this  shaft  is  fixed  a  crank  disc  D, 
and  a  connecting-rod  is  used  to  couple  this  crank  with  the 
horizontal  reciprocating  knife  K.  Clutch  gear  is  generally  used  for 
throwing  the  bevel  wheel  N  in  and  out  of  gear  with  the  shaft  S. 

*  Plate  \A  gives  a  perspective  view  of'  the  mower,  Fig.  1,  showing  the 
general  arrangement. 

i  2 
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In  the  second  method  of  obtaining  the  requisite  motion  for  the 
knife,  Fig.  3,  Plate  1C,  the  travelling  wheels  W  transmit  their 
forward  motion  to  the  main  axle  A  itself,  through  ratclict-hoxes  and 
pawls,  and  thence  to  such  a  train  of  gearing  as  is  necessary  to  obtain 
the  proper  speed  for  the  knife  K.  This  class  of  machine  is  used 
chiefly  in  cutting  artificial  grasses,  which  are  not  so  difficult  to  deal 
with  as  natural  meadow  grass ;  and  also  where  the  crops  are  light. 
The  chief  advantage  of  this  method  of  driving  is  that  it  enables  the 
whole  of  the  gearing  to  be  completely  boxed  or  covered  in,  and  so 
protected  from  dirt ;  on  the  other  hand  such  machines  are  much 
heavier  in  draught,  owing  to  the  point  of  application  of  the  power 
being  so  much  nearer  to  the  centre  of  the  axle. 

The  cutting  apparatus  consists  of  a  flat  bar  (made  in  America  of 
cold  rolled  iron,  but  in  England  of  steel),  to  which  are  attached  a  set 
of  pointed  projections  or  fingers  F,  having  a  horizontal  slot  or  space 
cut  across  them ;  and  in  this  slot  the  knife  or  sickle  K  is  caused  to 
reciprocate,  as  shown  in  Figs.  4  and  5,  and  in  section  in  Fig.  9,  Plate  2. 

The  fingers  are  made  in  various  forms,  either  of  the  open  or  solid 
pattern,  both  of  which  are  shown  in  Figs.  4  and  5,  Plate  1 C.  In  the 
latter  the  sickle  or  knife  K  runs  upon  the  cutter-bar  B ;  whilst  in 
the  former  it  runs  upon  a  kind  of  open  framework,  formed  by  the 
fingers  F  themselves,  which  allows  the  dirt  and  short  pieces  of 
grass,  moss,  &c,  to  be  worked  out  by  the  movement  of  the  knife. 

Fingers  are  made  of  chilled  cast  iron,  malleable  cast  iron  with 
steel  plates  riveted  on  for  cutting  edges,  wrought  iron  with  riveted 
steel  plates,  and  a  combination  of  welded  iron  and  steel. 

The  cast  iron  have  almost  gone  out  of  date,  having  been  sui)er- 
seded  by  the  latter  forms.  In  the  second  and  third  varieties,  the 
steel  plate  is  riveted  on  to  the  bottom  face  of  the  slot ;  the 
objection  however  to  this  form  is  the  liability  of  the  plate  to  become 
loose.  With  the  welded  iron  and  steel  fingers,  the  steel  plate, 
instead  of  being  riveted,  is  welded  on  to  the  wrought  iron,  in  some 
cases  on  both  the  top  and  bottom  of  the  slot,  as  in  Bamlett's  finger, 
the  pile  for  which  is  shown  in  Fig.  6,  Plate  1(7.  Another  method 
is  that  employed  by  Messrs.  Samuelson  &  Co.,  where  the  fingers  are 
piled  or  built  up  in  the  following  manner,  as  shown  in  Fig.  4.     A 
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square  bar  a  of  wrought  iron  is  taken,  and  another  small  piece  of 
iron  b,  about  4  in.  in  length,  is  welded  on  at  one  end,  and  drawn 
down  to  a  point,  forming  a  V  shaped  pile.  Between  the  ends  of 
these  two  pieces  is  laid  transversely  a  short  piece  of  round  iron  c, 
and  one  end  of  the  jaw  is  closed  over  it ;  and  then  upon  each  side 
of  the  pointed  end  is  welded  a  small  steel  plate  d.  The  pile  thus 
formed  is  brought  up  to  a  welding  heat,  and  placed  in  a  pair  of  dies 
under  a  stamp,  and  the  necessary  shape  is  thus  given  to  the  finger. 
When  it  leaves  the  dies  it  goes  to  a  pair  of  fraying  tools,  and  from 
thence  to  a  circular  saw,  where  the  slot  e  is  cut  within  which  the 
sickle  works ;  finally  it  is  fitted  to  the  beam  or  cutter-bar  B,  and 
hardened.  By  this  process  of  manufacture  a  hard  cutting  edge  is 
secured,  whilst  a  soft  core  is  maintained  in  the  centre,  as  shown  at  /; 
and  the  core,  being  the  first  to  wear,  always  leaves  a  flat  surface  for 
the  sections  or  blades  K  of  the  knife  to  work  upon.  The  grain  of 
the  iron  runs  in  the  direction  of  the  point  in  the  main  body  of  the 
finger,  and  at  right  angles  to  this  in  the  cross  bar  c ;  and  this 
ensures  the  strain  being  taken  up  by  the  iron  in  the  most  advantageous 
manner. 

The  knife  or  sickle  is  composed  of  a  number  of  steel  triangular 
sections  or  blades  K,  Fig.  4,  riveted  upon  an  iron  or  steel  bar 
or  back  G,  Fig.  9,  Plate  2.  These  steel  sections  are  hardened  in 
one  or  other  of  two  ways :  either  uniformly  throughout,  and  then 
tempered  to  such  a  degree  as  will  admit  of  their  being  sharpened 
by  a  file ;  or  else  in  such  a  manner  as  to  leave  a  harder  cutting 
edge  of  about  §  in.  along  each  side,  the  rest  of  the  section  being  soft  ; 
in  this  case  a  grindstone  is  necessary  to  sharpen  them. 

On  each  end  of  the  finger  or  cutter-bar  B  is  fixed  a  shoe  supported 
by  a  small  wheel  M,  Plates  1(7  and  2,  which  can  be  adjusted  so  as  to 
raise  or  lower  the  cutter-bar  from  the  ground. 

The  method  of  attaching  the  beam  or  cutter-bar  B  to  the  main  frame 
is  either  by  a  radial  joint  or  shoe  J,  as  in  Figs.  1  and  2,  Plate  1C; 
or  through  a  wrought-iron  connecting-link  L,  as  in  Figs.  7  and  8, 
Plate  2.  On  this  latter  or  the  "  Buckeye  "  plan,  means  are  provided 
for  altering  the  angle  of  the  fingers,  or  tipping  their  points  downward, 
in  order  to  creep  under  laid  grass.      In  the  combined  mower  and 
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reaper,  Figs.  7  and  8,  this  is  effected  by  a  small  tipping  lever  T, 
which  is  attached  to  the  connecting-link  I,  as  shown  in  Fig.  13, 
Plate  3.  But  it  is  of  doubtful  utility,  as  it  entails  complication,  and 
is  liable  to  cause  the  fingers  and  knife  to  become  choked  with  dirt, 
and  so  stop  the  machine.  The  beam  or  cutter-bar  B,  being  in  either 
case  attached  to  the  main  frame  by  a  hinged  connection,  is  capable  of 
being  turned  up  and  held  in  a  vertical  position,  for  the  purpose  of 
travelling  more  easily  along  roadways,  &c. 

It  is  sometimes  necessary  to  raise  the  beam  B  off  the  ground 
horizontally  when  at  work,  in  order  to  pass  over  any  obstruction ; 
this  is  done  by  the  driver  from  his  seat,  by  means  of  a  lifting  handle 
Z  and  a  quadrant  Q,  Fig.  10,  over  which  passes  a  chain,  a  system  of 
levers  being  used  in  order  to  sustain  the  weight  of  the  beam.  Two 
examples  of  the  methods  for  securing  this  parallel  lift  are  shown : 
namely  in  Fig.  10,  Plate  3,  which  applies  to  the  mower,  Fig.  1 ;  and 
in  Fig.  11,  which  applies  to  the  mower,  Plate  2.  In  Fig.  10,  when 
the  chain  C  is  tightened  by  means  of  the  lever  Z  and  quadrant  Q,  the 
beam  B  is  stiffened  by  the  bar  A,  to  which  the  chain  C  is  attached 
at  E ;  when  the  chain  is  tightened,  the  curved  underside  of  the  bar  A 
bears  against  the  rib  R  on  the  shoe  J,  by  which  means  the  beam  is 
lifted  parallel  from  the  ground.  In  Figs.  8  and  11,  the  stud  S  on 
the  short  lever  J  is  brought  into  contact  with  an  inclined  plane  I 
upon  the  underside  of  the  wrought-iron  connecting-link  L.  One  end 
of  this  lever  J  is  hinged  to  the  main  shoe  Y,  and  to  the  other  the 
lifting  chain  C  is  attached ;  and  the  pressure  of  the  stud  S  against 
the  inclined  plane  ensures  the  parallel  lift  of  the  beam  B,  at  whatever 
angle  it  may  be  lying  with  respect  to  the  axle  of  the  main  wheels. 

When  the  machine  has  been  once  round  the  field  and  starts  again, 
a  clear  track  or  path  is  necessary  for  the  horse  which  walks  round 
nearest  to  the  standing  crop,  and  for  the  travelling  wheels ;  and  this 
is  provided  for  by  hingeing  to  the  off-side  shoe,  at  the  outer 
extremity  of  the  cutter-bar  or  beam,  a  trackboard  T,  inclined  inwards 
towards  the  main  wheels,  as  in  Fig.  1.  To  the  tail  of  this  board  is 
fixed  a  round  stick  E,  still  more  inclined  inwards  towards  the  wheels, 
so  that,  as  the  grass  is  cut  and  passes  along  the  board,  the  stick  turns 
it  over  and  forms  a  swathe.  The  wheels  and  horses  pass  on  each 
side  of  this  swathe  in  making  the  following  cut. 
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The  tendency  of  all  machines  which  have  the  cutter-bar  placed  in 
front  of  the  main  axle  is  for  the  beam  to  exert  a  pressure  upon  the 
ground,  this  being  due  to  the  downward  direction  of  the  power  as 
transmitted  from  the  travelling  wheels,  and  also  to  the  holding  down 
of  the  beam  by  the  grass.  This  downward  pressure  must  be  balanced 
in  a  well-designed  machine,  and  Figs.  12  and  13,  Plate  3,  give 
methods  employed  for  this  purpose.  In  either  method  the  draught 
is  taken  from  a  lug  U  below  the  axle,  on  the  pole  bracket  G,  through 
pulleys  or  levers  so  arranged  that  the  pull  tends  to  lift  both  the  pole  P 
and  the  frame  F  which  carries  the  cutter-bar;  and  by  properly 
proportioning  the  several  leverages,  the  lifting  tendency  can  be 
accurately  adjusted  to  the  required  amount.  These  mcthod3  enable 
the  beam  to  float,  as  it  were,  over  the  ground,  but  without  rising  from 
its  work.  In  crossing  steep  ridge  and  furrow  this  is  especially 
desirable ;  and  either  such  arrangements  must  be  employed,  or  else  a 
third  carrying  wheel  must  be  attached  to  the  front  of  the  main  frame 
by  means  of  a  short  pole,  which  lifts  the  beam  as  the  machine  rises 
up  the  ridge. 

General  Features  of  Design. — While  lightness  of  construction  is 
desirable,  strength  must  not  be  sacrificed  to  this,  because  it  is  a  very 
serious  matter  for  the  farmer  if  some  part  of  the  machine  gives  way 
under  a  sudden  strain,  to  which  this  class  of  machine  is  particularly 
liable ;  such  strains  arising  from  obstructions  on  the  surface  of  the 
ground,  or  from  the  knife  and  fingers  being  blunt  or  becoming  clogged 
or  choked  up. 

Again,  the  frame  and  gearing  must  not  come  within  about  6  in. 
of  the  ground,  otherwise  it  will  disturb  the  cut  swathe  over  which  it 
is  passing,  and  be  liable  to  pick  up  some  of  the  cut  grass  :  for  which 
reason  it  is  also  usual  to  cover  in,  as  completely  as  possible,  all 
rotating  parts. 

The  width  between  the  travelling  wheels  is  generally  about  3  ft., 
so  that  they  shall  run  on  each  side  of  the  swathe ;  and  their  average 
diameter  is  about  2  ft.  4  in.  to  2  ft.  6  in.  The  width  of  the  tread  is 
about  4  in.,  and  it  is  generally  studded  at  intervals  with  projecting 
ribs  or  stucks,  in  order  to  obtain  more  adhesion.     The  distance  in 
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plan  between  the  pole  P,  Fig.  8,  Plate  2,  and  tlie  inner  end  of  the 
beam  or  cutter-bar  B  should  be  as  small  as  possible,  without  causing 
the  horso  on  tho  off-side  to  walk  in  the  standing  grass.  There  is 
usually  about  18  in.  horizontal  width  from  the  centre  of  the  pole  to 
the  first  finger  upon  the  beam ;  but  when  a  mower  is  used  for 
reaping,  as  is  sometimes  the  case,  the  pole  is  placed  about  2  ft.  4  in. 
from  tho  first  finger,  otherwise  the  off-side  whippletree  breaks  down 
tho  standing  corn,  whilst  in  the  case  of  short  grass  it  passes  over. 

The  speed  of  the  knife,  without  being  excessive,  should  be 
sufficiently  quick  to  maintain  a  clean  sweet  cut,  and  to  clear  itself 
from  all  loose  dirt.  The  throw  of  the  knife  in  mowing  is  about  3  in., 
and  the  distance  between  each  pair  of  fingers  is  the  same ;  each 
section  or  blade  therefore  travels  from  the  centre  of  one  finger  to  the 
centre  of  the  next,  and  back  again.  But  in  reaping  machines  each 
section  travels  from  the  centre  of  one  finger  to  the  centre  of  the  finger 
on  either  side,  having  thus  a  "  double  throw  "  of  6  in.  The  number  of 
revolutions  of  the  crank-wheel  in  a  mowing  machine  is  3^  to  3|-  for 
each  foot  advance  of  the  machine  ;  whilst  in  a  reaper,  owing  to  tho 
double  throw,  the  number  is  generally  from  lh  to  2  per  foot. 

Some  mowing  machines  are  designed  with  the  cutter-bar  lying  to 
the  rear  of  the  main  axle,  the  other  principles  of  construction  being 
much  the  same.  With  this  plan  difficulty  is  experienced  when 
backing  the  machine,  the  tendency  being  to  force  the  beam  into  the 
ground ;  also  it  is  difficult  for  the  driver  to  keep  his  attention  fixed 
upon  both  the  cutter-bar  and  the  horses.  This  plan  however  is 
almost  imperative  when  the  machine  is  also  to  be  used  as  a  side- 
delivery  self-raking  reaper,  as  will  be  shown  presently. 


Reaping  Machines. 

We  will  now  pass  on  to  the  second  division,  namely  machines 
designed  for  harvesting  corn,  or  Reaping  Machines. 
These  may  be  subdivided  into  three  types  :— 

(1)  Those  which  deliver  the  cut  crop  at  the  back  of  the  beam,  as 
in  a  mower ;  or  Back-delivery  Reapers. 

(2)  Those  which  are  provided  with  a  platform  at  the  back  of  the 
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beam,  on  which  the  cut  crop  falls,  and  is  then  raked  off  to  the  side 
of  the  machine  by  revolving  rakes ;  or  Side-delivery  Reapers. 

(3)  Those  which  cut  the  crop,  deliver  it  into  suitable  receptacles, 
bind  it  into  sheaves,  and  deposit  them  on  the  ground ;  or  Automatic 
Binders. 

Bach-delivery  Beapers. — A  reaper  of  this  the  first  division  is  a  much 
more  simple  piece  of  mechanism  to  deal  with  than  a  mower,  because 
there  are  not  the  same  difficulties  to  contend  with  in  the  case  of  dry 
crops  or  corn  as  of  green  crops  or  grasses.  The  speeds  are  consequently 
slower,  the  working  parts  fewer,  and  the  strains  not  so  severe. 

The  simplest  of  all  reapers  is  the  Manual  Back-delivery,  Fig.  18, 
Plate  5,  in  which  a  man  has  a  seat  B  provided  for  him  on  the  body 
of  the  machine,  in  front  of  the  driver's  seat  attached  at  D,  and 
using  a  short  hand-rake  collects  the  standing  corn  into  the  knife  ; 
where  it  is  cut,  and  falls  upon  a  slatted  platform  S,  Figs.  14  and  1G, 
Plate  4,  which  is  hinged  to  the  cutter-bar.  This  platform  is  held 
in  an  inclined  position,  as  shown  in  Fig.  14,  till  sufficient  corn  is 
cut  and  collected  to  form  a  sheaf,  when  the  man,  by  means  of  a  foot- 
lever,  allows  the  platform  to  drop  backwards  upon  the  ground  ;  the 
sheaf  is  then  deposited  on  the  ground,  the  stubble  assisting  in  raking 
it  off  the  platform  by  projecting  up  between  the  slats  of  the  platform, 
and  thus  acting  like  a  comb.  As  soon  as  the  sheaf  is  raked  off,  the 
platform  is  raised  again  into  its  inclined  position,  and  a  fresh  sheaf 
is  collected. 

This  form  of  platform  may  be  attached  to  the  cutter-bar  of  an 
ordinary  two-wheeled  mowing  machine,  and  an  extra  seat  fixed  upon 
the  main  frame  for  the  raker,  just  above  the  inside  main-wheel ;  this, 
with  a  special  off-side  shoe,  which  will  be  described  immediately, 
constitutes  the  arrangement  of  a  Combined  Mower  and  Manual 
Beaper.  The  mower  shown  in  Fig.  1,  and  that  shown  in  Figs. 
7  and  8,  can  both  be  converted  in  this  manner :  but  in  Fig.  1  the 
pole  bracket  G  is  shifted  bodily  on  the  axle,  so  as  to  bring  the  horses 
further  away  from  the  standing  corn ;  whilst  in  Figs.  7  and  8  the 
pole  bracket  G  is  fixed,  and  the  pole  P  only  is  shifted  from  the  side 
of  the  pole  bracket  marked  "mower"  to  that  marked  "reaper"  in 
Fig.  8.     The  speed  of  the  knife  either  remains  the  same  for  both 
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operations,  ov  it  cau  be  altered  by  substituting  a  larger  first-motion 
pinion,  or  by  otber  equivalent  means. 

The  off-side  sboe  of  a  reaping  macbinc  differs  in  size  and 
construction  from  tbat  employed  for  mowing,  because  of  tbe  beigbt 
of  tbe  corn  and  tbe  difficulty  in  separating  it.  It  carries  dividing 
irons  V,  which  project  about  15  in.  to  18  in.  into  tbe  crop,  in  advance 
of  tbe  cutter,  and  thrust  on  one  side  tbe  standing  corn,  so  as  to 
admit  of  a  clear  passage  for  tbe  shoe  and  wheel,  as  shown  in  Fig.  14, 
Plate  4,  and  also  in  the  plan,  Fig.  25,  Plate  8,  and  Fig.  26,  Plate  9. 

In  the  Automatic  Back-delivery  reaper,  Fig.  16,  Plate  4,  the 
jdace  of  the  raker  is  taken  by  a  revolving  reel,  which  is  driven  by 
suitable  chain  gearing  G  from  the  axle  of  the  machine.  This  reel 
has  three  blades  BB,  which  collect  the  corn  on  the  slatted  platform, 
and  one  rake  E,  which  rakes  the  sheaf  off.  Tbe  platform  S  receives 
its  dropping  movement  by  means  of  a  cam  C  and  rod  A,  as  shown 
also  in  Fig.  17. 

The  reaper  pure  and  simple,  that  is,  a  machine  intended  to  be 
employed  as  a  reaper  only,  is  carried  on  one  broad  main  wheel  at  tbe 
near  side,  and  supported  by  a  small  wheel  fixed  to  the  off-side  shoe. 
The  frame  and  gearing  are  carried  by  the  main  axle,  and  the  beam 
or  cutter-bar  is  bolted  on  to  part  of  the  main  frame.  The  cutting 
parts,  or  fingers  and  knife,  do  not  differ  materially  from  those 
described  in  the  mower,  with  this  slight  exception,  that  where  the 
crops  are  very  dry,  as  on  some  parts  of  the  Continent  and  in 
America,  the  edges  of  tbe  sections  or  blades  are  serrated,  thereby 
causing  a  sawing  action  rather  than  a  cutting  one.  The  first  motion 
is  usually  taken  from  a  ring  of  teeth  cast  on,  or  attached  to,  the 
inside  periphery  of  the  travelling  wheel ;  but  in  some  cases  from 
a  spur  wheel  fixed  on  the  main  axle,  as  in  the  second  class  of 
mowers,  Fig.  3,  Plate  10. 

In  a  manual  machine  tbe  gearing  which  drives  the  crank  is  very 
simple.  In  Fig.  18,  Plate  5,  is  shown  one  of  the  simplest  forms  of 
this  class,  the  gearing  used  being  only  a  bevel  wheel  and  pinion ;  this 
is  one  of  the  earliest  iron-frame  reapers  manufactured  in  this  country. 
In  Figs.  21  and  22,  Plate  6,  is  shown  another  simple  form,  which  may 
be  looked  upon  as  a  general  type  of  this  class  of  machine ;  here  the 
pinion  P  has  its  inner  face  shaped  as  a  clutch  C,  engaging  with  a  pin 
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fixed  in  the  end  of  the  shaft,  as  shown  in  Fig.  23,  and  has  only  to  be 
slid  back  far  enough  to  disengage  this  clutch,  as  shown  dotted  in 
Fig.  23,  without  its  teeth  ever  leaving  those  of  the  travelling  wheel. 
In  a  still  later  modification  the  driver  is  able  to  tip  the  fingers 
downwards  when  necessary,  so  as  to  pick  up  laid  portions  of  the  crop. 
This  machine  resembles  Fig.  16,  but  with  a  raker's  seat,  as  shown 
dotted,  instead  of  the  automatic  reel.  The  beam  can  also  be  lifted 
parallel  from  the  ground,  by  means  of  a  quadrant  on  the  near  side, 
and  an  adjustable  axle-plate  on  the  off-side  shoe,  as  in  Fig.  14,  Plate 
4 ;  and  further  the  beam  can  be  turned  up  bodily  about  its  inner  end, 
so  as  to  stand  vertically  for  travelling. 

In  an  automatic  back-delivery  reaper,  as  in  a  manual  machine,  it 
is  necessary  to  tie  up  and  remove  the  sheaves  before  being  able  to  go 
round  the  field  a  second  time  ;  and  this  objection  has  led  to  the 
designing  of  the  side-delivery  machine. 

Side-delivery  Reapers.— In  this  class  a  quadrantal  platform  A  is 
fixed  on  the  back  of  the  cutter-bar  B,  Figs.  24  and  25,  Plates  7  and  8  ; 
and  is  suitably  supported  off  the  ground  by  stays.  On  the  main  body 
of  the  machine*  is  an  upright  shaft  S,  to  which  are  fastened  four  or 
more  rakes  E.  These  are  caused  to  revolve  like  the  sails  of  a 
windmill,  and,  in  so  doing,  gather  the  standing  corn  to  the  knife  and 
then  rake  it  backwards  off  the  platform  when  cut,  throwing  it  to  one 
side  behind  the  main  travelling  wheel  W,  and  thus  leaving  a  clear 
track  for  the  horses  on  the  following  round. 

Except  where  the  crop  is  desired  to  be  left  in  a  swathe,  as  in  the 
case  of  barley,  it  is  usual  to  collect  it  in  sufficient  quantities  to  form 
a  sheaf.  The  simplest  method  of  doing  this  is  to  substitute  for 
some  of  the  rakes  what  are  termed  "  gatherers,"  which  only  gather 
the  standing  crop  to  the  knife,  and  then  pass  clear  over  the  cut  grain 
lying  on  the  platform,  which  thus  accumulates  there  until  the  next 
rake  comes  round  and  sweeps  the  sheaf  off. 

The  methods  by  which  these  rakes  are  caused  to  travel  round  in 
•the  necessary  path  are  various.  One  plan  is  to  hinge  the  rakes  R  to 
the  upright  shaft  S,  as  in  Fig.  19,  Plate  5,  and  to  guide  them  from 


*  A  perspective  view  of  this  machine  is  shown  in  Plate  IB. 
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another  fixed  point  P  by  short  rods.  Another  is  to  incline  the  rake- 
shaft  S  itself  towards  the  platform  A,  as  in  Fig.  20,  and  to  fix  the 
rakes  R  to  the  shaft.  In  both  these  plans  the  platform  A  must  be 
curved  to  suit  the  path  of  the  rake;  and  this  is  objectionable,  as 
in  time  the  platforms  are  liable  to  lose  their  shape  ;  and  further,  in 
the  latter  plan,  the  rakes  do  not  enter  and  leave  the  crop  at  the 
proper  angle,  namely  at  right  angles  to  the  ground. 

A  third  plan  is  to  substitute  a  chain  for  the  short  guiding  rod 
in  Fig.  19,  to  make  the  platform  flat,  and  to  guide  the  rake  over  it  by 
means  of  a  cam  path  ;  but  the  more  usual  plan  is  to  use  a  cam 
path  alone,  of  suitable  shape,  as  shown  in  the  full-size  models 
exhibited  and  in  Figs.  24  and  25,  Plates  7  and  8. 

A  rake  may  be  turned  into  a  gatherer,  either  by  lifting  up  the 
rake-head  bodily,  and  fixing  it  upon  the  rake-arm,  wmich  travels 
round  in  the  same  path  as  before ;  or  else  by  causing  the  rake-arm 
to  take  a  low  path  in  front  of  the  grain,  and  a  second  or  higher 
cam  path  whilst  passing  over  the  platform.  The  disadvantage  of 
the  first  method  is  that  the  gatherer  has  not  the  low  path  given  in 
the  second,  and  so  is  not  able  to  cope  so  efficiently  with  a  laid  crop. 

The  rakes  may  be  set  as  gatherers  before  starting  to  work,  wdien 
the  machine  is  at  rest ;  but  it  is  sometimes  desirable  to  suspend  the 
action  of  one  or  more  of  the  rakes  whilst  at  work.  It  is  then 
necessary  that  the  driver  should  be  able,  from  his  seat,  and  while  the 
machine  is  in  motion,  to  shunt  the  rake  on  to  the  higher  path ;  and 
this  is  done  by  means  of  a  switch,  or  movable  portion  of  the  cam. 

The  draught  of  a  reaper  is  taken  from  the  main  frame,  and  a 
side-draught  arrangement  is  sometimes  used,  the  draught  being 
taken  through  the  inclined  bar  I,  Fig.  25,  Plate  8.  The  tipping  of 
the  fingers,  by  means  of  the  handle  K  and  link  L,  as  shown  in  Fig. 
24,  Plate  7,  is  always  provided  for  in  side-delivery  reapers,  either  in 
this  or  some  other  equivalent  form.  The  usual  width  of  cut  is  from 
5  ft.  to  5  ft.  6  in.,  and  the  average  weight  of  the  machine  is  from 
10  to  11  cwt.  for  side-delivery,  and  from  5  to  6  cwt.  for  manual 
reapers. 

In  designing  a  Eeaper,  care  should  be  taken  to  keep  the  line  of 
cut  in  the  same  vertical  plane  as  the  centre  line  of  the  main  axle, 
in  order  to  follow  the  unevenness  of  the  ground,  and  also  to  avoid 
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cutting  into  the  soft  soil  when  turning  the  corners.  In  some  cases 
this  line  cannot  be  maintained,  and  then  this  latter  fault  is  overcome 
by  making  the  wheel  M  at  the  outer  end  of  the  cutter-bar  to  swivel, 
as  shown  in  Fig.  15,  Plate  4. 

In  concluding  we  may  notice  a  class  of  machine  which  is  used  as 
a  combined  mower  and  side-delivery  reaper.  This  is  a  two-wheeled 
machine,  and  has  the  cutter-bar  B  placed  behind  the  main  wheels  W, 
so  that  the  rakes  E  throw  the  sheaf  clear  of  the  wheels  ;  the  general 
plan  is  shown  in  Fig.  26,  Plate  9.  This  combined  machine  is  likely 
to  come  into  use  only  where  the  crops  are  not  very  heavy  and  not 
much  laid ;  but  it  is  a  useful  machine  where  the  crops  on  a  farm 
consist  chiefly  of  grass,  and  the  expense  of  a  separate  self-raking 
reaper  would  otherwise  have  to  be  incurred  for  a  small  area  of  grain. 

Automatic  Sheaf-Binders. — These  have  been  for  many  years  past  a 
fruitful  subject  of  invention ;  but  it  may  safely  be  said  that  at  the 
present  time  there  is  not  a  binder  that  can  cope  successfully  with  a 
heavy  English  crop,  unless  it  stands  fairly  upright.  On  the  other  hand 
due  credit  must  be  given  to  the  Americans,  who  have  produced 
machines  capable  of  dealing  with  the  short  dry  crops  of  their  own 
country  ;  and  also  to  the  English  makers  who  have  produced  machines 
.applicable  to  such  crops  as  are  grown  in  the  colonies,  and  in  the 
south  of  Europe. 

The  material  used  for  binding  the  sheaves  is  either  wire  or 
string.  A  strong  prejudice  is  shown  by  farmers  against  the  use  of 
wire,  on  account  of  its  finding  its  way,  in  the  hands  of  a 
careless  labourer,  into  the  thrashing  machine,  thence  into  the  chaff, 
and  occasionally  between  the  millstones.  But  this  difficulty  can  be 
overcome  if  a  pair  of  pliers  are  used,  which  cut  and  hold  the  wire  at 
the  same  time.  The  advantage  of  using  wire,  from  a  manufacturer's 
point  of  view,  is  that  it  presents  far  less  difficulty  to  deal  with,  as  a 
twist  only  is  required  in  order  to  fasten  the  two  ends  together,  whilst 
with  string  a  knot  is  necessary,  and  the  tension  and  cutting  of  the 
knot  requires  more  attention. 

The  crop  may  either  be  cut  and  bound  in  sheaves  in  one 
operation,  and  upon  the  same  machine,  or  else  it  may  be  cut  by  an 
ordinary  side-delivery  reaper,  and  then  followed  by  a  binder,  which 
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picks  up  the  loose  sheaf  or  swathe  from  the  ground,  and  hinds  it.  As 
this  latter  form  of  machine  is  not  in  uso  in  this  country,  and  only  to 
a  very  slight  extent  in  America,  the  writer  will  confine  his  attention 
to  the  first  class. 

The  usual  design  of  a  hinder  is  shown  in  Fig.  29,  Plate  10.  In 
this  case,  a  gathering  reel  L  is  substituted  for  the  rakes  of  a  reaper, 
and  the  cut  crop  falls  upon  a  travelling  platform  A,  from  which  the 
grain  is  elevated  over  the  main  travelling  v>'heel  by  means  of  endless 
aprons  BB,  and  falls  on  to  a  table  C  upon  the  other  side.  Under  or 
above  this  table  is  placed  the  knotting  or  twisting  mechanism.  The 
wire  or  string  is  placed  round  the  sheaf,  when  sufficient  corn  has  been 
collected,  by  a  radiating  or  rotating  arm  N,  carrying  a  needle,  as  in 
Figs.  27-37,  Plates  9  to  12  ;  and  when  the  knot  or  twist  has  been  made, 
the  string  or  wire  is  cut,  and  the  sheaf  is  either  kicked,  or  allowed 
to  fall,  off  the  binding  platform  on  to  the  ground. 

The  elevating  aprons  B,  Fig.  29,  are  generally  made  of  canvas  in 
l^airs,  and  receive  the  grain  from  an  endless  canvas  A,  which  travels 
over  the  platform ;  in  other  cases,  instead  of  canvas  aprons,  endless 
bands,  or  chains  provided  with  small  teeth,  are  used. 

The  framework  of  these  machines  is  usually  built  of  timber, 
for  the  sake  of  combining  lightness  with  rigidity;  the  shoe  at  the 
outer  end  of  the  cutter-bar  is  also  of  wood,  with  a  separator  of  the 
same  material.  A  better  separation  of  the  crop  is  made  with  this 
form  of  divider  than  with  dividing  irons,  when  a  reel  and  not  a  rake 
is  used,  and  when  the  cut  crop  has  to  be  carried  away  from  the  outer 
side  of  the  platform  to  the  binding  table. 

The  reel  is  driven  by  chain  gearing  from  the  main  axle,  and  is 
capable  of  being  raised  and  lowered,  with  respect  to  the  cutter-bar, 
by  suitable  tilting  gear,  worked  by  a  lever  within  reach  of  the  driver. 
The  fingers  are  also  tipped,  and  the  cutter-bar  raised  and  lowered,  as 
before.  The  beam  in  all  machines  of  American  manufacture  is  a 
wooden  one,  the  knife  serrated,  and  the  sections  or  blades,  as  shown 
in  Fig.  5,  Plate  10,  of  a  more  obtuse  angle  than  in  the  ordinary 
English  machines. 

These  machines  are  cumbersome,  weighing  about  15  cwt.,  and, 
as  they  measure  about  12  ft.  6  in.  in  width,  are  incapable  of  passing 
straight  through  an  ordinary  English  gateway.     They  must  therefore 
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be  drawn  in  sideways  upon  wheels  provided  for  that  purpose,  or  the 
cutter-bar  must  be  hinged  and  capable  of  being  turned  up. 

Another  and  more  simple  plan  than  that  of  elevating  the  cut 
grain  over  the  main  travelling  wheel,  is  to  keep  it  upon  the  level  of 
the  platform  A,  Fig.  30,  Plate  10,  on  which  it  falls  when  first  cut,  to 
bind  it  on  this  level  at  C,  and  then  to  drop  it  upon  the  ground  at  G. 
In  this  form  of  machine  the  main  wheel  must  be  beyond  or  outside 
of  the  binding  apparatus ;  the  whole  width  of  the  machine  is  not 
increased  thereby,  but  rather  diminished.  The  weight  of  this 
machine  is  12j  cwt.  and  the  width  12  feet.  This  form  of  machine- 
has  been  in  practical  work  in  America,  and  has  also  been  worked 
successfully  in  this  country  during  the  past  harvest,  in  heavy  and 
occasionally  even  tangled  crops. 

Wire-binding  Mechanism. — In  most  cases  the  necessary  twist  is 
given  by  means  of  a  small  pinion,  between  the  teeth  of  which  the 
wire  is  brought,  and  the  pinion  then  caused  to  revolve  by  putting  it 
into  gear  with  a  rack  or  spur  wheel.  After  having  made  three  or 
four  revolutions,  the  ends  are  sheared,  and  the  bound  sheaf  set  free, 
the  loose  end  of  the  wire  being  still  retained  by  means  of  a  pair  of  jaws 
or  nippers.  The  other  end  of  the  wire  is  brought  into  the  pinion  again, 
after  having  been  passed  round  the  next  sheaf  by  the  arm  or  needle. 
This  needle-arm  1ST,  in  one  design,  Figs.  33  and  34,  Plate  11,  carries 
the  twisting  pinion  P  itself;  and,  through  the  courtesy  of  the  firm  o5 
Walter  A.  Wood,  the  writer  is  enabled  to  show  one  of  their  binder 
needles  so  constructed.  In  their  machine,  this  needle-arm  N  makes 
a  complete  revolution,  and,  in  passing  under  the  binding  table,  the- 
pinion  P  comes  into  gear  with  a  rack  E,  which  gives  the  necessary 
twist  to  the  ends  the  wire. 

Another  plan  is  to  give  the  needle-arm  a  radial  oscillating 
movement,  Fig.  35,  Plate  11.  This  is  done  by  suspending  the 
needle-arm  X  above  the  binding  table,  on  a  revolving  link  C,  and 
guiding  the  tail  end  of  the  needle-arm  in  the  necessary  path  by  means 
of  a  fixed  slotted  cam-link  L ;  the  needle-arm  then  simply  gathers 
sufficient  corn  to  make  a  sheaf,  passes  one  end  of  the  wire  under  it 
to  the  twisting  device,  taking  itself  the  position  shown  by  the  full 
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lines  ;  anil,  after  the  twist  Las  been  formed,  rises  up  above  the  table, 
as  shown  dotted  in  two  positions,  returning  nearly  along  its  previous 
descending  path,  ready  for  another  sheaf. 

Again,  instead  of  causing  the  needle-arm  to  oscillate  or  radiate 
as  described  above,  the  bracket  which  carries  it  is  sometimes  caused 
to  travel  inwards  from  the  outer  edge  of  the  binding  table  to  the 
shoots  from  the  elevators,  as  shown  in  front  elevation  in  Fig.  3G, 
Flate  12 ;  and  then  outwards  again,  after  the  binding  and  pressing 
arms  have  enclosed  a  sheaf  between  them  for  binding,  as  shown  in 
back  elevation  in  Fig.  37. 

The  function  of  the  needle-arm  is  thus  to  gather  sufficient  of  the 
loose  corn  to  form  a  sheaf,  and  separate  it,  whilst  being  bound,  from 
that  which  is  still  falling  in  a  continuous  stream  behind  it ;  to  bring 
the  end  of  the  wire  or  string  to  the  twisting  or  knotting  device,  and 
to  compress  the  sheaf  whilst  being  bound,  in  order  to  give  the 
necessary  degree  of  tightness  to  the  band.  This  compression  is 
sometimes  put  upon  the  sheaf  by  separate  compressing  arms,  as 
shown  at  AA  in  Figs.  33,  36,  and  37,  Flates  11  and  12. 

In  Wood's  machine,  Fig.  33,  the  sheaf  when  bound  is  kicked 
off  by  the  combined  compressor  arm  and  kicker  A ;  whilst  in  the 
case  of  the  McCormick  and  other  machines  the  sheaf  remains  upon 
the  binding  table,  and  is  pushed  off  by  the  succeeding  sheaf. 

In  Figs.  27  and  28,  Plate  9,  is  shown  another  successful  plan  for 
forming  the  twist,  by  means  of  two  small  pinions  TT,  working  face 
to  face.  These  have  the  same  number  of  teeth,  namely  ten,  but  gear 
into  two  spur  wheels  FF,  having  respectively  forty-eight  and  forty- 
nine  teeth ;  which  are  caused  to  revolve  simultaneously  by  the 
smaller  spur  wheel  S,  lying  underneath  them,  coming  into  gear  with 
the  rack.  Thus,  as  the  pinions  T  revolve,  the  one  gains  upon  the 
other,  and  after  having  made  four  revolutions,  the  teeth  of  one  lie 
over  the  spaces  in  the  other,  and  by  this  action  shear  the  ends  of 
the  wire.  In  this  machine  two  reels  of  wire  are  employed,  the  wire 
forming  a  continuous  band  from  one  to  the  other,  and  the  jaws  or 
nippers  for  holding  one  end  of  the  wire  are  dispensed  with.  Instead 
of  having  one  twist,  two  are  made  at  the  same  time,  one  above  and 
one  below  the  double  pinion  T,  as  shown  in  Fig.  27. 
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In  Fig.  30,  Plate  10,  is  shown  a  still  more  simple  form  than  any 
of  those  yet  described.  A  revolving  needle  N,  shown  enlarged  in 
Fig.  31,  brings  the  wire  round  the  sheaf  to  a  small  twisting-hook  T, 
which  takes  hold  of  the  two  ends  of  the  wire,  and  fastens  them 
together  in  the  usual  way ;  a  pair  of  shear-knives  SS  are  then 
brought  into  operation  by  the  crank  U,  as  shown  in  Fig.  31,  and  the 
sheaf  is  kicked  off  gently  on  to  the  ground  by  a  kicker  K,  Fig.  32, 
one  end  of  the  wire  remaining  looped  on  the  hook  T  ready  for  the 
next  sheaf. 

String-bindinrj  Mechanism. — Fig.  38,  Plate  13,  is  a  sectional 
elevation  of  the  binding  table  in  one  of  Messrs.  Walter  A.  Wood's 
string  binders,  showing  the  knotting  device,  &c. 

Here  the  knotter  is  placed  above  the  binding  table  T,  whilst  the 
needle-arm  N  rises  up  from  below.  The  grain  falls  over  the  travelling 
wheel,  after  having  been  elevated  in  the  usual  manner,  on  to  the 
binding  table,  and  is  brought  over  the  string  by  a  revolving  packer 
P,  against  a  compressor  arm  A.  As  soon  as  sufficient  has  been 
collected  to  form  a  sheaf,  the  pressure  upon  the  arm  A  releases  a 
spring  (not  shown),  which  in  its  turn  causes  the  needle-arm  N  to  rise 
up  and  pass  round  the  sheaf,  as  shown  dotted,  the  packer  P  in 
the  meantime  discontinuing  to  revolve. 

The  knot  is  formed  as  shown  in  Figs.  39  to  43,  Plate  13.  These 
figures  show  in  inverted  plan  the  two  knotting  hooks  E  F  forming 
the  knotter  :  the  lower  one  F  receiving  its  rotating  movement  by 
means  of  a  spindle  passing  through  the  hollow  spindle  of  the  upper 
hook  E,  Fig.  38. 

The  needle-arm  brings  one  end  of  the  string  over  the  knotter, 
the  other  end  being  already  there,  retained  by  the  jaws  or  nippers 
J,  as  shown  in  Fig.  39  ;  while  the  loop  L  (partly  shown)  contains  the 
sheaf.  The  knotting  hooks  are  then  caused  to  rotate  ;  but  the  upper 
hook  E  advances  for  a  short  distance  before  the  lower  one  F 
commences  to  move,  thus  opening  or  separating  the  two  hooks  from 
each  other. 

After  the  hooks  have  made  a  quarter  revolution,  as  shown  in 
Fig.  40,  the  spur  G  on  the  heel  of  the  lower  hook  F  is  brought  over 

E 


50  HARVESTING    MACHINERY.  Jan.  L881. 

the  two  ends  of  the  string  ;  and,  in  the  next  half  revolution,  the  string 
slips  under  the  hub  of  the  lower  hook,  and  comes  into  the  position 
shown  in  Fig.  41. 

When  the  hooks  have  reached  this  position,  they  cease  to  rotate 
forward,  and  commence  to  turn  back  in  the  opposite  direction.  In  so 
doing,  the  upper  hook  E  passes  first  over  the  two  ends  of  the  string, 
and  closes  into  the  recess  upon  the  lower  hook,  thus  grasping  the 
ends  of  the  string  and  holding  them  fast ;  then,  as  the  hooks  continue 
to  rotate  backwards,  the  spring-catch  or  hook  S  draws  the  loop  over 
the  end  of  the  hook  F,  into  the  position  shown  in  Fig.  42. 

During  the  formation  of  this  part  of  the  loop,  the  jaws  or  nippers 
J,  Fig.  39,  release  the  end  of  the  string  and  take  hold  of  the  other 
end,  namely  that  passing  through  the  binding  needle  N,  at  the  same 
time  cutting  it.  The  two  ends  of  the  band  which  is  round  the  sheaf 
are  now  loose  ;  and  the  hooks  E  F  continuing  to  revolve  backwards, 
the  knot  is  completed  by  means  of  the  spring-catch  S,  as  shown  in 
Fig.  43,  the  weight  of  the  sheaf  drawing  the  knot  tight. 

The  arm  A  now  rises  up  out  of  the  way,  and  the  bound  sheaf  is 
kicked  off  the  table  by  a  kicker  K  on  to  the  ground,  the  binding 
needle  N  at  the  same  time  receding  under  the  table.  The  arm 
A  then  returns  to  its  former  position,  and  the  packer  P  commences 
to  form  another  sheaf. 

This  method  ensures  the  sheaves  being  of  a  uniform  size ;  and 
this  size  can  be  regulated  in  the  first  instance  by  the  amount  of 
tension  put  upon  the  spring  actuated  by  the  arm  A  for  raising  the 
needle-arm  N. 

In  Figs.  44  to  46,  Plate  13,  is  shown  another  and  more  simple 
method  employed  for  forming  the  knot  in  a  string  binder.  It  consists 
of  a  hollow  knotting-shaft  A  having  a  hook  or  jaw  C  at  one  end ; 
inside  this  shaft  is  a  sliding  spindle  B,  which  also  has  a  hook  or 
jaw  D  as  shown.  The  spindle  B  has  an  independent  longitudinal 
movement  given  to  it,  but  rotates  with  the  main  shaft  A.  These 
movements  are  given  by  suitable  gearing  not  shown  in  the  diagram. 

The  knot  is  formed  as  follows.  One  end  of  the  string  is  held  in 
a  pair  of  jaws  or  nippers,  and  then  passed  over  the  shaft  A.  The 
corn  falls  upon  the  string,  and  as  soon  as  a  sheaf  is  collected,  the 
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other  eud  of  the  string  is  brought  round  the  sheaf  and  laid  across  the 
shaft  A.  The  knotter  shaft  is  then  drawn  back,  as  in  Fig.  44,  and 
makes  a  revolution ;  and  in  so  doing  it  moves  forwards  at  the  same 
time,  and  brings  the  ends  of  the  string  between  the  open  jaws 
C  D,  as  in  Fig.  45.  The  jaw  D  then  closes  upon  the  string  and 
holds  the  ends  fast ;  the  string  is  cut,  and  the  loop  lifted  over  the 
hook  C  by  a  trigger  E,  as  shown  in  Fig.  46  ;  thus  forming  the  knot, 
which  is  drawn  tight  by  the  weight  of  the  sheaf.  The  shaft  A 
being  now  pushed  forwards  again  into  its  first  position,  and  the 
jaws  C  D  opening  at  the  same  time,  the  sheaf  falls  to  the  ground. 

The  difficulties  to  be  contended  with  in  automatic  binders  are 
numerous.  The  proper  separation  of  the  sheaf  from  the  continuous 
flow  of  corn,  and  the  getting  rid  of  the  sheaf  when  bound,  require 
much  careful  consideration  ;  and  further,  the  tension  and  cutting  of 
the  binding  material  require  great  nicety  of  adjustment. 

The  binding  mechanism,  whether  for  wire  or  string,  is  generally 
carried  upon  a  sliding  shaft  or  upon  ways,  so  that  the  sheaf  may 
be  bound  near  the  middle  of  its  length,  whatever  length  the  straw 
may  be. 

Although,  owing  to  want  of  time,  the  writer  has  described  only  a 
few  of  the  methods  for  making  the  twist  or  knot,  he  does  not  wish  it 
to  be  imagined  that  other  devices  are  void  of  merit  or  interest ;  but 
those  described  are,  he  believes,  the  plans  chiefly  used  in  this  country 
-and  on  the  Continent,  and  he  has  therefore  selected  them  as  being  the 
most  suitable  to  the  present  occasion. 

In  conclusion  he  wishes  to  express  his  best  thanks  to  the  firm  of 
"Walter  A.  Wood  for  their  kind  assistance  in  lending  models  of  their 
wire  and  string  binding  devices  &c,  and  also  to  Mr.  A.  C.  Bamlett 
for  the  use  of  those  of  his  Mower  and  Manual  Keaper. 
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Discussion. 

Mr.  Samuelson  exhibited  models  of  several  of  the  machines 
described,  and  parts  of  the  wire-binding  and  string-binding 
mechanisms ;  also  specimens  of  the  fingers  in  all  the  different  stages 
of  manufacture,  as  made  by  Messrs.  Samuelson  &  Co. 

The  President  was  sure  the  members  would  wish  to  pass  a 
hearty  vote  of  thanks  to  Mr.  Samuelson  for  his  paper.  It  was  most 
interesting  and  instructive,  and  was  written  in  a  very  clear  and  concise 
manner.  The  diagrams  might  be  taken  as  a  sample,  having  been 
prepared  by  the  author  without  any  assistance  being  given  by  the 
draftsman  of  the  Institution — an  example  which  other  members  might 
advantageously  follow. 

Mr.  J.  McFarlane  Gray  thought  the  paper  an  admirable  one. 
It  contained  so  much  that  was  new  to  most  of  the  members,  and  so 
many  beautiful  mechanical  devices  were  so  clearly  illustrated  by  the 
coloured  wall  diagrams,  that  he  thought  it  might  be  worth  while 
considering  whether  arrangements  could  not  be  made  that  such 
illustrations  should  be  reproduced  in  colours  in  the  transactions. 

Mr.  Daniel  Adamson  said,  as  a  Cheshire  farmer,  he  was 
present  only  as  a  listener  to  the  paper,  with  the  view  of  perhaps 
subsequently  becoming  a  buyer,  rather  than  to  criticise  the  subject 
dealt  with.  He  thought  with  the  President  that  they  were  all 
very  much  indebted  to  Mr.  Samuelson  for  his  exceedingly  clear 
delineations  of  the  machines,  and  his  excellent  description  of  them. 
He  would  only  ask  if  the  author  could  give  the  tractive  power  of  the 
machines  per  foot  wide,  say  for  three  classes  of  crops — poor  crops, 
moderate  crops,  and  heavy  crops.  Knowing  the  tractive  power, 
farmers  like  himself  would  be  better  able  to  judge  as  to  the  horses 
that  would  be  required  to  haul  the  machines.  He  might  also  ask  for 
some  further  information  as  to  what  became  of  the  wire  on  every 
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occasion  that  it  was  found  during  the  thrashing  of  the  corn,  when  a 
wire-binder  had  been  used ;  and  whether  it  was  found  to  be  injurious 
to  the  thrashing  machine.  Would  the  author  recommend  a  string- 
binding  machine  in  preference  to  wire  ?  In  the  case  of  wire-binding, 
was  it  the  system  to  shear  the  wire  asunder  in  undoing  the  sheaf,  or 
was  it  untwisted  at  the  knot  and  taken  away  ? 

Mr.  W.  E.  Eich,  referring  to  Mr.  Adamson's  question  as  to  the 
draught  necessary  to  draw  reaping  machines  through  various  kinds  of 
crops,  said  he  could  not  do  better  than  refer  him  to  the  Journal  of 
the  Eoyal  Agricultural  Society.  That  Society  on  three  occasions  in 
recent  years  had  made  elaborate  experiments  upon  the  draught  of 
reaping  machines;  and  the  results  were  given  in  Tables  with  great 
detail  in  the  Society's  Journals  (1877,  pp.  246-280 ;  1878,  p.  103  ; 
1879,  pp.  106-8).  Those  Tables  gave  in  the  first  place  the 
leading  dimensions  of  each  machine,  the  width  of  cut,  width  between 
fingers,  weight  on  each  wheel,  &c. ;  and  then  the  speed,  mean 
draught,  draught  per  inch  width  of  cut,  and  in  some  cases  the  ft.-lbs. 
of  work  per  lb.  of  sheaf  corn  cut,  in  various  crops,  during  the  trials. 
This  last  statistic  was  really  the  most  equitable  measure  of  the 
economic  performance  of  a  machine.  It  might  be  read  also  as  the 
distance  through  which  the  sheaf  must  be  raised  to  represent  the  power 
expended  in  cutting  and  harvesting  it.  In  the  best  ordinary  reaping 
machines  that  had  been  brought  before  the  Eoyal  Agricultural 
Society  the  work  expended  per  lb.  of  wheat  sheaf  was  about  400 
ft.-lbs. ;  in  other  words  the  sheaf  required  to  be  raised  about  400  feet, 
to  represent  the  work  expended  in  cutting  it.  The  self-binding 
machines  required  considerably  more  power,  probably  in  consequence 
of  the  greater  elaboration  of  their  working  parts.  The  self-binders 
tried  in  a  heavy  wheat  crop  at  Liverpool  required  an  average  of 
437  ft.-lbs.  per  lb.  of  sheaf  corn  cut  and  bound ;  while  in  a  lighter 
wheat  crop  at  Bristol  587  ft.-lbs.  was  required  by  them  (see  Journal 
1878,  p.  125  ;  and  1879,  p.  106).  The  mean  draught  per  inch  width 
of  cut  averaged  from  3^  to  4£  lbs.  with  two-horse  reaping  machines 
at  Leamington  (see  Journal  1877,  Table  I.  facing  p.  254) ;  and  from 
7J  to  8i  lbs.  in  self-binding  reapers  cutting  wheat  at  Liverpool. 
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Mr.  M.  Powrs  Balk  said  it  was  stated  on  p.  37  that  a  circular 
saw  was  used  to  cut  a  slot  in  the  fingers  of  mowing  machines. 
Could  the  author  give  some  information  with  regard  to  the  speed  and 
gauge  of  the  saw,  and  the  shape  of  the  tooth  ?  He  should  also  like  to 
ask  whether  the  machine  was  well  adapted  to  cut  such  crops  as 
rice,  which  were  usually  cut  about  a  foot  from  the  ground. 

Mr.  A.  Paget  wished  to  suggest  that  the  reason  of  the  short 
discussion  which  had  followed  this  paper,  and  also  that  in  Manchester 
on  Spinning  Machinery,  was  that  these  papers  were  really  too  good 
for  most  engineers  to  discuss  on  the  spur  of  the  moment.  Following 
a  paper  at  the  ordinary  rate  at  which  it  was  read,  and  without  any 
previous  examination  of  both  the  paper  and  the  drawings,  it  was 
really  difficult  to  understand  fully  a  paper  of  so  abstruse  a  character. 
He  was  sure  however  they  ought  to  thank  Mr.  Samuelson  very  much 
for  his  most  valuable  paper ;  and  he  ventured  to  draw  attention  to 
the  great  extent  of  unexplored  territory,  as  indicated  by  the  divisions 
mentioned  in  the  paper.  There  was  the  preparation  of  the  land,  the 
sowing  of  the  seed,  the  harvesting  of  the  crops,  and  the  preparation 
of  the  crops  for  consumption.  He  hoped  on  some  future  occasion 
Mr.  Samuelson  would  give  them  an  opportunity  of  listening  to  as 
excellent  a  paper  on  some  other  of  these  divisions  ;  and  he  would 
venture  to  suggest  that  on  that  occasion  the  discussion  might  be 
adjourned,  so  as  to  give  the  members  more  time  to  digest  the  subject 
before  discussing  it. 

Mr.  Samuelson,  in  reply,  said  with  reference  to  the  wire  in 
wire-binders,  they  sometimes  did  hear  of  small  pieces  being  found 
amongst  the  chaff,  and  occasionally  they  were  found  inside  the 
animals,  but  that  was  only  under  very  exceptional  circumstances.  If 
wire  were  cut  with  a  pair  of  pliers  such  as  those  exhibited,  which 
would  both  cut  and  hold  the  wire  at  the  same  time,  then,  with  a  careful 
labourer,  there  ought  never  to  be  the  chance  of  wire  finding  its  way 
into  the  thrashing  machine  or  amongst  the  chaff.  In  these  pliers  there 
was  a  shear  knife  on  one  side  and  a  V  groove  on  the  other.  When 
the  man  put  the  pliers  into  the  sheaf  and  cut  the  wire,  one  end  was 
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held  in  the  pliers  by  the  V  groove,  while  the  other  end  was  loose  j 
the  man  simply  opened  the  pliers  and  took  away  the  wire.  Although 
in  this  way  no  wire  had  any  business  to  pass  into  the  thrashing  machine, 
yet  sometimes  it  did  so,  and  for  that  reason  farmers  objected  to  the  use 
of  wire.  On  the  other  hand  some  farmers  would  not  have  string-binders, 
because  they  were  too  complicated  :  but  on  the  whole  the  tendency 
was  to  adopt  them,  and  most  manufacturers  were  devoting  their 
energies  almost  entirely  to  the  perfection  of  string-binders.  Several 
were  already  in  the  market,  and  he  hoped  that  at  the  next  Royal 
Society's  show  some  more  of  these  would  be  brought  forwards. 
String,  he  believed,  was  decidedly  the  best,  and  would  eventually 
take  the  place  of  wire,  if  the  farmers  would  undertake  to  study 
the  machine,  and  especially  the  mechanism  required  to  make  the 
knot.  Unfortunately  farmers  did  not  like  to  give  themselves  more 
trouble  than  was  necessary,  and  consequently  string-binders  would 
be  liable  to  be  badly  used,  and  to  fail  where  a  wire-binder  would  not 
do  so,  on  account  of  its  simpler  mechanism. 

With  regard  to  cutting  rice,  some  machines  would  cut  as  high  as 
9  or  10  in.  from  the  ground.  If  required  to  cut  higher,  it  was  only  a 
question  of  raising  the  cutter-bar  so  much  higher  from  the  ground ; 
and  this  could  be  done  by  making  special  axle-plates  to  carry  the 
off-side  and  main-shoe  wheels,  so  that  it  was  quite  possible  to  cut  as 
high  as  12  in.  from  the  ground.  In  cutting  rice,  another  thing  had  to 
be  taken  into  consideration,  namely  the  drains  and  irrigation  channels. 
Large  travelling  wheels  were  wanted  to  carry  the  machines  safely  over 
these,  otherwise  they  would  come  to  a  stand-still  in  them ;  but  with 
sufficiently  large  travelling  wheels,  and  also  off-side  wheel  and  main- 
shoe  wheel,  the  machines  could  get  over  any  moderate  channel. 

With  regard  to  the  saw  used  for  the  fingers,  the  gauge  was  No.  8 
B.  W.  G.,  and  the  teeth  were  about  f  in.  jntch.  The  diameter  of  the 
saw  was  22  in.,  and  its  speed  about  800  to  900  revs,  per  minute.  The 
fingers  of  course  were  put  into  the  fire  and  made  hot  before  sawing. 

With  reference  to  the  division  of  the  subject  in  the  first  page  of 
the  paper,  it  was  not  his,  but  was  made  by  Mr.  Bousfield,  in  his  paper 
read  at  the  Manchester  meeting,  Proc.  1880,  p.  529.  Mr.  Bousfield 
had  taken  then  the  preparation  of  the  land,  or  the  first  division,  for 
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his  subject,  and  he  believed  Mr.  Bousfield  intended  to  continue  tbat 
subject  in  a  second  paper.  He  bad  himself  taken  tbe  tbird  division, 
and  he  hoped  other  gentlemen  would  take  up  the  remainder. 
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ON  THE  VAEIOUS  MODES   OF   TRANSMITTING  POWER 
TO  A  DISTANCE. 


By  M.  ARTHUR  ACHARD,  of  Geneva. 


The  Author  proposes  in  this  paper  to  furnish  a  summary  of  the 
practical  results  obtained  in  the  Transmission  of  Power  to  a  distance, 
a  subject  on  which  some  articles  of  his  have  appeared  in  the  Annales 
des  Mines,  between  1874  and  1879. 

"While  the  interest  attaching  to  this  subject  is  unquestionable, 
the  Author  is  nevertheless  very  doubtful  whether  a  successful  result 
can  be  attained  in  one  particular  application,  namely  the  establishment 
of  large  undertakings  for  distributing  hydraulic  power  to  a  number 
of  factories,  either  existing  or  contemplated,  similar  to  the  undertakings 
at  Schaffbausen,  Fribourg,  and  Bellegarde,  which  the  Author  has 
elsewhere  described  in  detail.*  At  the  first  of  these  places,  in  spite 
of  favourable  circumstances,  rapid  extension  of  working,  and  good 
management,  the  profit  has  been  very  small  on  the  capital  outlay. 
The  manufactories  at  the  two  other  places,  being  much  less  favourably 
situated,  have  failed  after  a  short  and  profitless  existence.  Their 
failure  has  shown  very  clearly  that  their  founders  laboured  under  a 
strange  delusion,  in  supposing  that  cheap  motive  power  was  in  itself 
sufficient  to  create  industries  in  localities  where  their  essential 
elements  were  wanting.  The  Author  accordingly  considers  there  is 
not  much  to  be  gained  from  this  particular  application  of  power 
transmission,  and  that  it  can  only  succeed  financially  under 
exceptionally  favourable  conditions. 

He  now  proceeds  to  examine  the  various  methods  used,  or 
proposed,  for  transmitting  power  to  a  distance. 

*  For  a  description  of  the   Schaffhausen  undertaking,   see  Mr.   Morrison's 
paper,  Proceedings.  1S74.  p.  5G. 
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I.  Transmission  of  Power  by  Wire  Hopes. 

Transmission  by  wire  ropes  is  merely  an  extension  of  the 
simplest  case  of  transmission  by  ordinary  hemp  ropes,  and  tbe  same- 
principles  apply  to  both.  These  principles  may  be  briefly  stated  as 
follows  : — 

Let  A  and  B  be  the  axes  of  two  parallel  shafts  carrying  two 
pulleys  whose  planes  coincide.  The  driving  power  P  acts  on  A7 
and  the  resistance  Q  on  B.  For  simplicity  let  it  be  assumed  that 
these  two  forces  act  tangentially  at  the  circumference  of  the  pulleys. 
The  motion  is  communicated  from  A  to  B  by  means  of  the  rope  passing- 
round  the  two  pulleys;  of  this  the  part  which  is  passing  towards  the 
driving  pulley  is  called  the  driving  span,  and  the  part  which  is 
passing  from  the  driving  pulley  is  called  the  trailing  span.  Let  T  be 
the  tension  of  the  driving  span,  and  t  that  of  the  trailing  span. 
Neglecting  friction  &c.  we  should  have  Q  =  P ;  and  the  values  of 
the  tensions  in  the  two  spans  are  given  by  the  equations  T—  t  =  P  and 

T 

—  =  h ;  denoting   by  h   the   smallest  practicable  value   of  efa  for 

the  two  pulleys,  where  e  is  the  base  of  Napierian  logarithms,  /  the- 
coefficient  of  friction  between  the  pulley  and  the  rope,  and  a  the 
ratio  between  the  arc  encircled  by  the  rope  and  the  radius  of  the 
pulley.  Accordingly  the  values  of  T  and  t  are  given  by  the  following 
equations : — 

hP  P_ 

T  ~   k  -  1 ;      l  -  h  -  1* 

T 
If  the  ratio  — -  be  greater  than  Jc,  the  rope  will  slip  on  the  driving 

pulley.  The  values  of  T  and  t,  as  above  calculated,  when  Jc  Las  its 
exact  value,  are  only  just  sufficient  to  prevent  slipping,  which  would 
occur  on  any  accidental  diminution  of  friction.  For  safety  therefore 
it  is  necessary  to  assign  to  Jc  a  somewhat  lower  value  than  its  real 
one :  which  practically  amounts  to  increasing  the  tensions  T  and  t  a. 
little  beyond  what  is  requisite  in  theory.  The  tension  common  to 
the  whole  rope  when  at  rest  is  somewhere  intermediate  between  the 
tensions  T  and  t  of  its  two  spans  while  running ;  and  by  adjusting 
the  rope  while  at  rest  to  this  intermediate  tension,  its  two  spans 
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assume  of  their  own  accord  the  required  tensions  T  and.  /,  as  soon 
as  it  begins  to  run. 

The  sectional  area  w  to  be  given  to  the  rope,  so  that  it  may  possess 
the  requisite  strength,  is  regulated  by  the  driving  tension  T,  and  must 

T  ... 

be  such  that  the  quotient  —  shall  not  exceed  the  working  strain  which 
to 

the  material  of  the  rope  is  suited  to  bear  in  practice.     It  is  evident 

that,  in  transmitting  a  given  amount  of  power,  the  driving  tension, 

and  consequently  the  section  of  the  rope,  may  be  diminished   by 

increasing  the  speed ;  for  if  N  denotes  the  power  transmitted,  and 

7.  p  7.  A  f 

v  the  speed  of  the  rope,  then  Pc  =  N,  and  T  =  ^—.    =  r-A:   —  .     In 

practice  the  rope  elongates  under  the  continuous  pull,  and  requires 
shortening  from  time  to  time  to  keep  the  tension  up  to  the  proper 
amount. 

We  will  now  take  into  account  the  useless  resistances,  hitherto 
neglected  for  the  sake    of   simplicity.     The  useful  resistance  Q  is 

now   necessarily  less  than  the  driving  power  P,  and  the   ratio  -p- 

represents  the  efficiency  of  the  transmission.  The  useless  resistances 
are  two  in  number.  The  first  is  the  rigidity  or  stiffness  of  the  rope,  due 
to  its  imperfect  flexibility.  This  effect  however  is  insignificant  in  the 
case  of  rope  transmission,  on  account  of  the  large  size  of  the  pulleys 
employed.  The  other  useless  resistance  is  the  friction  of  the  two 
shafts  A  and  B  in  their  bearings,  of  which  one  of  the  factors  is  the 
resultant  F  of  all  the  external  forces  acting  on  each  shaft.  It  appears 
from  the  principles  enunciated  above  that  the  employment  of  rope 
transmission  renders  this  friction  considerable.  In  fact,  under 
average  conditions  of  adhesion,  the  value  to  be  allowed  for  h  =  efa  is 

rp  J.p 

not  more  than  2 ;  and   since  in  the    limit    —  =7.-,   and  T=  - — : ,  we 

have  as  the  least  possible  values  T=  2  P,  and  t  =  P.  These  tensions 
are  parallel  to  each  other;  and  as  the  driving  power  P  may  also 
act  in  the  same  direction,  the  total  pressure  F  on  the  shaft  may  be 
jF+£  +  P  =  4P,asa  minimum,  where  the  conditions  are  the  most 
unfavourable ;  while  under  the  most  favourable  conditions  the  pressure 
on  the  bearings  will  be  given  bjF  =  T-\-t—  P  =  2  P,  as  a  minimum. 
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Hence  the  average  pressure  may  be  taken  as  at  least  3  P.  It  is 
evident  therefore  that  rope  transmission  rentiers  the  shaft  friction 
much  greater  than  does  transmission  by  toothed  wheels.  But  the 
effect  of  this  friction  is  much  reduced  by  the  large  diameter  of  the 
pulleys  in  comparison  with  that  of  their  shafts,  in  consequence  of 
which  the  pressure  on  the  shaft  bearings  has  to  be  multiplied  by  a 
number  not  exceeding  at  most  0  ■  003,  in  order  to  obtain  the  resulting 
friction  on  the  shaft. 

The  introduction  of  iron  wire  ropes  for  transmitting  power  to  a 
distance  has  arisen  from  the  necessity  of  replacing  leather  or  india- 
rubber  by  some  material  less  expensive,  less  affected  by  atmospheric 
influences,  less  extensible,  and  especially  possessing  a  much  higher 
tensile  strength.  The  large  amount  of  the  power  which  must  exist 
to  make  special  machinery  advantageous  for  transmitting  it  to  a 
distance  does  not  constitute  one  of  the  reasons  for  the  change  of 
material,  inasmuch  as  belts  of  leather  and  india-rubber  are  capable 
of  transmitting  very  considerable  power.  In  reality  they  owe  this 
capability  to  a  special  property  which  they  possess  ;  and  which  releases 
them  completely  from  the  theoretical  laws  to  which  attention  has  just 
been  directed  in  the  case  of  ropes.  If  the  belt  is  wide,  a  partial 
vacuum  is  produced  between  the  belt  and  the  rim  of  the  pulley,  by 
the  aid  of  an  adequate  velocity,  which  causes  the  atmospheric  pressure 
to  press  the  belt  close  against  the  pulley.  An  adhesion  is  thereby 
produced  which  is  totally  independent  of  friction,  and  enables  the 
tensions  to  be  considerably  reduced.  Accordingly  the  tension  T 
of  the  driving  span,  instead  of  attaining  the  value  2  P,  need  only 
equal  P.  A  great  reduction  of  the  friction  on  the  bearings  is 
thereby  effected,  and  there  is  a  greater  power  of  transmission 
with  the  same  section.  Thus,  whilst  formerly  in  large  factories 
the  belts  served  only  to  transmit  the  power  from  the  main 
driving  shafts  to  the  different  machines,  they  are  beginning  to  be 
employed  to  drive  the  main  shafts  themselves  from  the  prime 
mover.  The  Americans  were  the  first  to  adopt  this  coursa.  This 
extended  use  of  belts  is  regulated  by  certain  practical  rules 
which  it  may  perhaps  be  useful  to  j)oint  out.  It  is  advisable  to 
make  the  belts  travel  at  a  high  speed,  4000,  5000,  an  1  even  G000  ft. 
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per  minute,  which  leads  to  the  adoption  of  large  diameters  for  the 
jnilleys.  As  flexibility  is  essential,  it  is  preferable  not  to  double 
the  leather,  but  to  rest  satisfied  with  tbe  greatest  single  thickness, 
amounting  to  -^  or  §  inch,  and  to  resort  to  large  widths.  As  the 
adhesion  does  not  depend  on  tbe  friction,  the  roughness  of  the 
surfaces  in  contact  is  more  injurious  than  useful ;  and  accordingly, 
contrary  to  the  old  practice,  the  hair  or  grain  side  of  the  leather, 
being  the  smoothest,  is  turned  to  the  pulley.  Since  the  even  motion 
of  the  pulleys  is  a  very  important  condition,  it  is  advisable  to  employ, 
as  far  as  possible,  light  and  perfectly-balanced  pulleys,  and  supports 
with  a  wide  base  and  movable  bearings.  It  is  for  this  reason  that 
American  pulleys  are  sold  by  the  piece  and  not  by  weight.  The 
widths  which  the  Americans  give  to  belts  put  up  on  this  principle 

are  such  that  the  circumferential  strain,  P  =  —  is  50  lbs.  to  67  lbs. 

v 

per  inch  of  width,  which  represents  a  strain  of  156  lbs.  to  185  lbs. 
per  square  inch  of  section.  There  was  a  leather  belt  at  the 
Philadelphia  Exhibition  of  1876  which  had  a  width  of  5  ft. ;  but 
generally  they  barely  exceed  3\  ft.  or  4  ft. ;  while  for  greater  widths 
several  belts  are  employed,  placed  side  by  side. 

The  invention  of  iron  wire  ropes  for  power  transmission  is  clue  to 
M.  Ch.  Ferdinand  Hirn,  of  Colmar  in  Alsace.  These  ropes  are 
composed  of  a  certain  number  of  strands,  each  having  a  core  of  hemp, 
which  are  rolled  round  a  central  core,  also  of  hemp.  They  are  wound 
on  in  the  opposite  direction  to  that  of  the  wires  in  each  strand.  The 
pulleys  are  of  large  diameter,  which  tends  to  the  preservation  of  the 
ropes,  helps  to  render  the  effect  of  the  stiffness  insignificant,  and 
diminishes  the  effect  of  the  friction  of  the  bearings.  If  the  distance 
is  considerable,  the  transmissions  are  divided  into  several  relays, 
with  a  separate  rope  for  each.  The  relays  are  separated  by  stations. 
Each  station  is  provided  with  a  horizontal  shaft  upon  which  a  double- 
grooved  pulley  is  fixed,  which  is  the  driven  pulley  as  regards  the 
relay  terminating  there,  and  the  driving  pulley  in  reference  to  the 
succeeding  relay.  The  stations  are  usually  arranged  on  masonry 
pillars,  more  or  less  raised  according  to  the  configuration  of  the 
ground,  for  it  is  necessary  that  the  rope  should  be  in  no  danger  of 
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touching  the  ground.  Sometimes  the  power  Las  to  be  partially 
distributed  in  its  course  :  under  these  circumstances  the  shafts  at 
the  stations  arc  made  use  of  for  the  purpose.  Frequently  also  it 
is  necessary  to  place  intermediate  pulleys  along  a  relay,  which 
differ  from  the  end  pulleys  of  the  relay  in  serving  merely  to  support 
the  rope.  Occasionally  a  relay  has  been  made  G50  feet  long,  but 
usually  420  to  500  feet  is  the  limit. 

The   weights   of  the  most  ordinary   sizes  of  pulleys  employed, 
including  their  shafts,  are  on  an  average  as  follows  : — 


TYEIGHT. 

Single-groove  Fulley.                   Double-groove 

Pulley. 

metres. 

feet,  in. 

kilogrammes. 

i 
lbs.             kilogrammes. 

lbs. 

5-50 

18     0 

2775 

6232               3750 

8267 

4-50 

14    9 

2350 

51S0               3170 

69S8 

3-75 

12     4 

1100 

2425                1850 

407S 

2-13 

7    0 

362 

798                 528 

1164 

The  pulleys  have  grooves  of  the  shape  of  a  V,  rounded  off  at  the 
bottom,  and  having  there  a  swalloAV-tailed  notch  in  which  the  lagging 
is  fixed.  Experience  proves  that  the  best  lagging  is  made  of  pieces 
of  leather,  cut  from  the  hide  in  the  form  of  the  notch,  and  placed  in 
it  end  upwards.  When  these  are  filled  in  all  round,  the  pulley  is  once 
more  placed  in  the  lathe,  so  as  to  turn  down  the  bottom  of  the  groove 
to  the  section  required.  This  lagging  lasts  on  an  average  three 
years.  It  wears  out  most  rapidly  on  the  intermediate  pulleys ;  it 
has  been  observed  that  the  rotation  of  these  pulleys  is  more  rapid 
than  the  motion  of  the  rope,  which  occasions  slipping. 

The  iron  wires  of  which  the  rope  is  made  have  to  bear  two  distinct 

molecular  strains.    The  first,  designated  by  s,  is  the  tension  resulting 

from  the  maximum  tension  T  necessary  to  transmit  the  motion,  and 

T 
its  value,  in  lbs.  per  sq.  in.  is  accordingly  s    =  ,  d  being  the 


diameter  of  the  wires,  and  i  their  number.     The  second  strain  results 
from  the  flexure  produced  by  the  winding  iipon  the  pulley,  and  may 
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be  expressed  with  sufficient  accuracy  by  z  =  E  ■   — ;  It  being  tbe 

radius  of  tbe  pulley,  and  E  tbe  modulus  of  elasticity  of  irou,  say 
20,000  kg.  per  sq.  mm.,  or  28,415,000  lbs.  per  sq.  in.  It  is  clearly 
necessary  that  tbe  sum  of  tbese  strains,  s  +  z,  sbould  not  exceed 
a  certain  limit,  which  is  fixed  at  18  kilogrammes  per  sq.  mm. 
(25,600  lbs.,  or  say  11  tons,  per  sq.  in.)  In  most  of  the  ropes  with 
which  the  Author  is  acquainted  tbe  values  allowed  are  approximately 
8  =  10  kg.  (11,220  lbs.  per  sq.  in.),  and  z  =  8  kg.  (11,380  lbs.  per  sq. 
in.)  The  speed  of  the  ropes  may  without  any  inconvenience  attain, 
and  even  exceed,  20  metres  per  second  (4000  feet  per  minute,  or  45 
miles  per  hour).  To  preserve  tbe  ropes  from  oxidation  and  improve 
their  adhesion,  they  are  coated  with  a  heated  mixture  of  grease  and 
resin.  A  special  machine,  invented  by  M.  D.  H.  Ziegler,  engineer  at 
Winterthur,  enables  the  ropes  to  be  subjected  to  a  preliminary 
squeezing  to  increase  their  length ;  by  this  means  the  subsequent 
elongation  from  wear  and  tear  is  diminished,  and  the  number  of 
shortenings  which  become  necessary  is  reduced. 

It  is  difficult  to  lay  down  any  general  rule  as  to  the  duration  of 
the  ropes,  for  this  depends  upon  the  conditions  under  which  they 
work.  In  practice  it  must  not  be  assumed  that  a  rope  in  constant 
use  will  last  more  than  a  year.  In  fact  Professor  Amsler-Laffon 
recently  wrote  to  the  Author  on  the  subject  of  the  ropes  at 
Schaffhausen :  "  A  rope  lasts  about  one  year,  some  a  little  more,  some 
a  little  less.  But  it  must  be  understood  that  we  do  not  wait  till  our 
ropes  break,  but  replace  them  as  soon  as  we  can  no  longer  depend 
on  their  strength.  They  might  therefore  last  rather  longer,  if  we 
chose  to  run  the  risk  of  interruption  in  our  work."  The  same 
duration  has  been  found  at  Zurich  in  the  case  of  a  rope  transmission, 
established  by  the  municipality  to  supply  a  manufacturer  whom  they 
had  deprived  of  his  water  power.  The  short  life  of  the  ropes  is 
certainly  a  defect  in  this  mode  of  transmitting  power.  According 
to  M.  Ziegler,  who  has  considerable  experience  on  this  subject, 
horizontal  oscillations  are  very  injurious  to  the  duration  of  the  ropes, 
and  they  appear  to  last  longer  on  pulleys  with  wide  grooves  than 
with  narrow  grooves. 
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The  curve  in  which  the  rope  hangs  is  a  catenary  ;  and  it  is  upon 
the  form  of  the  particular  catenary  in  which  it  hangs,  whether  more  or 
less  deep,  as  well  as  upon  its  lineal  weight,  that  the  tension  to  which 
it  is  subjected  depends.  By  fixing  the  weight  of  the  rope  and  its 
length,  the  form  which  its  two  spans  assume  in  common,  when  at 
rest,  is  determined,  and  consequently  their  common  tension ;  which 
latter  must  be  such  as  to  produce  in  running  the  two  unequal 
tensions,  T  and  /,  necessary  for  the  transmission  of  the  power. 

Moreover,  the  tension  in  either  span  is  not  the  same  throughout 
its  whole  length  ;  it  is  a  minimum  at  the  lowest  point  of  the  curve, 
and  goes  on  increasing  towards  the  two  extremities.  The  calculation 
of  the  tension  at  the  lowest  point  is  very  complicated  if  based  upon 
the  true  form  of  the  catenary ;  but  by  substituting  a  parabola 
for  the  catenary,  which  is  allowable  in  almost  all  cases,  the 
calculation  becomes  very  simple.  If  the  two  pulleys  arc  on  the  same 
level,  the  lowest  point  is  midway  between  them,  and  the  tension  at 

this  point  is  S0  =  ■£—- ,  p  being  the  lineal  weight  of  the  rope,  I  its 
oh 

horizontal  projection,  which  is  approximately  equal  to  the  distance 

between  the  centres  of  the  pulleys,  and  h  the  deflection  in  the  middle. 

The  catenary  possesses  the  remarkable  mechanical  property  that  the 

difference  between  the  tensions  at  any  two  points  is  equal  to  the 

weight  of  a  length  of  rope  corresponding  to  the  difference  in  level 

between  the  two  points.     The  tensions  therefore  at  the  two  ends  will 

be  Sl  =  #0+  ph  =   -Q-     +  ph-     By  substituting  for  Sx  in  the  above 

equation  the  required  values  of  T  and  /,  and  solving  it  with  relation 
to  h,  the  deflections  7^  and  li.2  of  the  driving  and  trailing  spans  will  be 
obtained.    The  deflection  h0,  common  to  the  two  spans  at  rest,  is  given 

by  the  equation  //„  =  .    /  \  ~hx  -f  h^l-      If5  as  before,  w  represents 

the  sectional  area  of  the  iron  portion  of  the  rope,  s  the  unit  strain 
which     the     maximum     tension     T     produces     on     it,     we     have 

w  s  =   T  =   -%,-  +  p\.     Taking  the  sectional  area  w  of  the  rope  in 

oh  i 

square  inches,  and  its  weight  p  in  lbs.  per  foot  run,  the  ratio  — 
differs  little  from  a  mean  value  of  0*24  (104  in  French  measures) ; 
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and  as  previously  stated,  the  safe  limit  of  working  tension  usually- 
assigned  for  iron-wire  ropes  is  s  =   14,220  lbs.  per  sq.  in.  (French 

measures  s  =  10   kg.  per   sq.  mm.)      Hence  —  s  —  0*24  x  14,220 

=  3410 ;  and  we  have  the  approximate  equation   — -  -f-  7^  =  3410 

(French  measures  1040),  which  is  useful  as  giving  a  relation  between 
the  length  I  and  deflection  hx,  for  the  driving  span  of  a  rope.     In  the 

case  of  leather,  -  =    2  "53  approximately  (French  measures  1100); 

and  as  it  is  impossible  to  give  s  a  higher  value  than  about  355  lbs. 

per  sq.  in.  (0*25  kg.),  the  relation  obtained  would  be  — — f-  7^  =  900 

(French  measures  275),  which  with  equal  deflections  would  give 
much  shorter  spans.  If  the  working  tension  s  were  reduced  to  the 
American  limit  of  185  lbs.  per  sq.  in.  (0*13  kg.)  for  leather  belts, 
the  above  figure  900  would  be  reduced  to  470  (French  measures 
143),  which  would  further  shorten  the  span  nearly  one-half. 

It  is  therefore  owing  to  the  great  strength  which  iron  wire  ropes 
possess  in  proportion  to  their  weight  that  they  admit  of  long  spans, 
with  a  smaller  number  of  supports,  and  consequently  smaller  loss  of 
power  by  friction.  They  may  therefore  be  expected  to  yield  a  high 
efficiency.  As  a  matter  of  fact  the  experiments  of  M.  Ziegler  on  the 
transmission  of  power  at  Oberursel  give  for  the  mean  efficiency  of  a 

single  relay -^  =96*2  percent.     The  efficiency  of  transmission  by 

relays,  including  m  intermediate  stations,  is  approximately  obtained 

by  raising  the  efficiency  of  a  single  relay  to  the  power  of  ^-i — , 

It  often  happens  that  the  two  pulleys  of  a  single  relay  are  at 
different  levels,  in  which  case  neither  span  of  the  rope  has  the 
same  tension  at  its  two  extremities :  the  tension  at  the  upper 
end  of  each  exceeds  that  at  the  lower  by  the  quantity  p  H,  H  being 
the  difference  in  level  between  the  two  extremities,  or,  which  is 
approximately  the  same,  between  the  centres  of  the  two  pulleys.  It 
is  evidently  the  tension  of  the  driving  span  at  its  lower  end  which 
must  be  regulated  so  as  to  obtain  the  proper  driving  tension  T  for  the 
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transmission :  so  that  there  is  a  certain  excess  of  tension  at  the  upper 
pulley. 

When  power  has  to  he  transmitted  to  the  top  of  a  very  steep 
incline,  the  establishment  of  a  relay  station  exactly  at  the  top  of  the 
incline  is  generally  avoided  ;  intermediate  pulleys  are  put  there  in 
preference,  one  for  each  span,  the  relay  itself  being  prolonged  for  a 
certain  distance  on  the  level.  This  is  the  course  which  has  been 
adopted  for  the  transmission  of  power  from  the  two  turbines  at 
Bellcgarde,  where  a  height  of  about  115  feet  has  to  be  surmounted. 
The  Author  would  refer  to  his  published  article  for  the  description 
of  the  transmission  by  ropes  at  Oberursel,  Schaffhausen,  Fribourg, 
and  Bellcgarde,  as  it  would  be  impossible  to  abridge  the  account 
sufficiently  for  the  present  paper. 

II. — Transmission  by  Compressed  Air. 

Hitherto  the  method  of  transmission  by  compressed  air  has  only 
been  used,  so  far  as  the  Author  is  aware,  for  boring  the  headings  of 
mines,  and  the  long  tunnels  through  the  Alps.  In  these  cases,  as  is 
well  known,  the  work  to  be  done  consists  in  a  rapid  boring  of  holes 
for  the  purpose  of  blasting  the  rock  with  powder  or  dynamite.  As 
this  kind  of  work  requires  a  high  pressure  of  air,  and  almost  entirely 
precludes  the  employment  of  expansion,  the  utilisation  of  the  motive 
force  is  necessarily  defective  ;  but  in  consequence  of  the  peculiar 
convenience  which  compressed  air  offers  for  the  work,  and  particularly 
the  improved  ventilation  which  it  affords,  the  advantage  of  its 
employment  is  undoubted,  and  leaves  in  the  background  the  question 
of  efficiency.  If  however  this  method  were  resorted  to  for  driving 
through  rock  soft  enough  to  be  excavated  directly  by  the  mining 
tool,  it  is  possible  that  expansion  might  be  used  in  the  machine 
working  the  tool. 

In  the  case  of  the  transmission  of  power  for  general  industrial 
purposes,  the  question  of  efficiency  is  usually  of  great  importance. 
The  ultimate  efficiency  of  transmission  is  the  product  of  three  partial 
efficiencies:  (1)  that  of  the  air-compressing  machine;  (2)  that  of 
the  pipes  by  which  the  compressed  air  is  conveyed ;  and  (3)  that  of 
the  machine  which  the  compressed  air  works.     The  efficiency  of  the 
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prime  mover,  and  that  of  the  tools  worked  by  the   compressed-air 
machine,  should  not  be  brought  into  this  estimate. 

The  air-compressing  machines,  generally  called  compressors,  are 
piston  pumps,*  having  self-acting  inlet  and  outlet  mitre  valves, 
controlled  by  springs  and  worked  by  the  air  pressure  itself. 

The  essential  condition  to  be  fulfilled  by  an  air-compressor  is  that 
the  temperature  of  the  air  during  compression  should  as  far  as 
possible  be  kept  constant :  the  reason,  as  is  well  known,  being  as 
follows.  Let  P  be  the  power  expended  in  compressing  a  given  initial 
volume  of  atmospheric  air  into  a  given  final  volume,  whilst  fulfilling 
this  condition.  If  the  air  were  compressed  in  a  cylinder  impermeable 
to  heat,  the  heat  resulting  from  the  compression  would  remain  in  it, 
and  would  raise  its  temperature  and  pressure,  thus  involving  the 
expenditure  of  a  power  Px,  greater  than  P,  for  its  compression.  But 
after  the  compression  had  been  effected,  the  temperature  of  the 
compressed  air  would  rapidly  fall  to  the  surrounding  temperature, 
and  would  only  represent  a  store  of  power  P2,  less  than  P ;  thus  the 
powers  Pi  —  P  and  P  —  P2,  making  together  Pl  —  P2,  would  be 
lost.  Even  if  the  metal  barrel  of  the  compressing  pump  is  not 
absolutely  impermeable  to  heat,  it  is  impossible  to  avoid  not  merely 
important  losses  of  power,  but  also  an  amount  of  heating  that  is  very 
injurious  both  to  the  working  and  to  the  durability  of  the  machine. 
It  is  only  by  the  help  of  water  that  the  rise  of  temperature  can 
.-successfully  be  kept  down  within  moderate  limits. 

The  Seraing  or  water-piston  compressor  was  first  tried  with  this 
object.  The  great  defect  of  this  apparatus  is  the  loss  of  power 
■resulting  from  the  alternating  movement  imparted  to  a  large  body  of 
water.  This  loss  is  approximately  proportional  to  the  volume 
displaced  by  the  piston,  raised  to  the  power  f,  and  to  its  speed 
raised  to  the  power  -*-.     To  reduce  this  loss  it  would  be  necessary  to 

*  The  impact  compressor,  combining  the  functions  of  a  hydraulic  motor  and 
a  compressor,  which  was  employed  at  the  commencement  of  the  driving  of  the 
Mont  Cenis  tunnel,  need  not  be  included  in  the  list.  In  spite  of  its  apparent 
simplicity,  it  was  found  to  be  costly,  cumbersome,  inefficacious,  and  easily 
deranged,  and  was  very  soon  abandoned.  It  would  unquestionably  require 
ifurther  improvements  to  render  it  applicable  even  in  very  special  cases. 

L    2 
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divide  the  required  production  of  compressed  air  amongst  a  great 
number  of  compressors,  and  to  make  them  work  slowly,  by  giving 
them  large  dimensions.  This  renders  the  first  cost  of  erection,  and  the 
space  required,  comparatively  large.  The  speed  of  the  compressors 
working  on  this  system  at  Mont  Cenis  was  limited  to  8  or  10 
revolutions  per  minute ;  and  that  of  the  smaller  compressors,  which 
have  been  used  for  headings  in  mines,  has  been  generally  limited  to 
15  or  18  revolutions. 

It  was  next  attempted  to  employ  the  water  for  cooling  in  a 
manner  which,  whilst  efficacious,  should  not  entail  the  above  loss  of 
power,  and  should  admit  of  a  higher  speed  of  working.  The  object 
was  accomplished  by  two  methods,  which  can  be  used  separately  or 
together.  One  consists  in  making  the  water  circulate  through  a 
casing  surrounding  the  pump-barrel,  and  through  cavities  formed 
inside  the  piston  and  piston-rod.  The  other  method,  which  is 
still  more  efficacious,  consists  in  injecting  a  very  fine  spray  into 
the  pump  barrel,  whereby  the  water  is  brought  into  direct  contact 
with  the  air  to  be  cooled.  Both  these  methods,  suggested  by 
M.  Colladon,  have  been  applied,  under  his  instructions,  to  the  St. 
Gothard  compressors,  and  have  furnished  excellent  results.  These 
machines  have  perfectly  answered  their  purpose,  and  have  worked  at 
a  speed  of  60  to  80  revolutions  per  minute,  producing  only  a  very 
limited  rise  in  temperature. 

The  efficiency  of  the  St.  Gothard  compressors  has  been 
approximately  from  78  to  80  per  cent.  The  Author  regrets  that  he  is 
unable  to  give  more  precise  figures ;  but  M.  Colladon,  the  consulting 
engineer  of  the  tunnel  works,  informed  him,  only  a  short  time  ago, 
that  no  experiments  had  been  made  as  to  this  efficiency ;  and  more 
particularly  that  the  effective  force  of  the  hydraulic  motors  which 
work  them  had  never  been  measured.  M.  Colladon  had  however  the 
kindness  to  furnish  the  results  of  a  trial  made  with  one  of  his 
compressors  at  the  works  of  Messrs.  Sautter  and  Lemonnier  of  Paris, 
the  makers  of  the  machine.  These  experiments  would  show  an 
efficiency  of  86  per  cent.  Nevertheless  it  is  not  possible  to  place 
implicit  reliance  on  this  result,  because  the  effective  power  of  the 
motor  was  not  determined  by  exj)eriment.      But  allowing  that  the 
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figure  of  22  H.P.,  assumed  for  this  power  (the  result  in  calculating 
the  work  with  compressed  air  being  19  H.P.),  may  he  somewhat 
incorrect,  it  is  unlikely  that  the  error  can  be  so  large  that  its  correction 
would  reduce  the  efficiency  below  80  per  cent.  Messrs.  Sautter  and 
Lemonnier,  who  construct  a  number  of  compressors,  on  being 
consulted  by  the  Author,  have  written  to  say  that  they  had  always 
confined  themselves  to  estimating  the  power  stored  in  the  compressed 
air,  and  had  never  measured  the  power  expended  in  compressing  it. 

Compressed  air  in  passing  along  the  pipe,  assumed  to  be 
horizontal,  which  conveys  it  from  the  place  of  production  to  the 
place  where  it  is  to  be  used,  experiences  by  friction  a  diminution  of 
pressure,  which  represents  a  reduction  in  the  mechanical  power 
stored  up,  and  consequently  a  loss  of  efficiency.  The  loss  of  pressure 
in  question  can  only  be  calculated  conveniently  on  the  hypothesis 
that  it  is  very  small,  and  the  general  formula  employed  for  the 
jmrpose  is — ■ 

*?  =  TT'W. 

■where  D  is  the  diameter  of  the  pipe,  assumed  to  be  uniform,  L  the 
length  of  the  pipe,  p{  the  pressure  at  the  entrance,  _p  the  pressure  at 
the  farther  end,  u  the  velocity  at  which  the  compressed  air  travels, 
A  its  specific  weight,  and/(?t)  the  friction  per  unit  of  length.  In 
j>roportion  as  the  air  loses  pressure  its  speed  increases,  whilst  its 
specific  weight  diminishes  ;  but  the  variations  in  pressure  are  assumed 
to  be  so  small  that  u  and  A  may  be  considered  constant. 

As  regards  the  quantity  f(u),  or  the  friction  per  unit  of  length, 
the  natural  law  which  regulates  it  is  not  known,  and  it  can  only  be 
expressed  by  some  empirical  formula,  which,  whilst  according 
sufficiently  nearly  with  the  facts,  is  suited  for  calculation.  For  this 
purpose  the  binomial  formula  au  +  bit?,  or  the  simple  formula  6X  u?, 
is  generally  adopted;  a,b,  and  bx  being  coefficients  deduced  from 
•experiment.  The  values  however  which  are  to  be  given  to  these 
coefficients  are  not  constant,  for  they  vary  with  the  diameter  of  the 
pipe  ;  and  in  particular,  contrary  to  formerly  received  ideas,  they  vary 
according  to  its  internal  surface.    The  uncertainty  in  this  respect  is  so 
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great  tliat  it  is  not  worth  while,  with  a  view  to  accuracy,  to  relinquish 
the  great  convenience  which  the  simple  formula  1>V  u2  offers.  It  would 
he  better  from  this  point  of  view  to  endeavour,  as  has  been  suggested,. 
to  render  this  formula  more  exact  by  the  substitution  of  a  fractional 
power  in  the  place  of  the  square,  rather  than  to  go  through  the  long 
calculations  necessitated  by  the  use  of  the  binomial  cm  +  &w*.. 
Accordingly,  making  use  of  the  formula  bi  u%,  the  above  equation 
becomes, 

A  D    l 

or,  introducing  the  discharge  per  second,  Q,  which  is  the  usual 
figure   supplied,  and  which   is   connected  with   the  velocity  by  the 

relation  Q  =   — t-—  we  have 

A  7T-      DJ 

Generally  the  pressure  pt  at  the  entrance  is  known,  and  the  pressure- 
jp  has  to  be  found ;  it  is  then  from  2h  that  the  values  of  Q  and  A  are 
calculated.  In  experiments  where  pt  and  p  are  measured  directly,  in 
order  to  arrive  at  the  value  of  the  coefficient  6l5  Q  and  A  would  be- 
calculated  for  the  mean  pressure  i  (p,  +  £>)• 

The  values  given  to  the  coefficient  b1  vary  considerably,  because,, 
as  stated  above,  it  varies  with  the  diameter,  and  also  with  the  nature 
of  the  material  of  the  pipe.  It  is  generally  admitted  that  it  is 
independent  of  the  pressure,  and  it  is  probable  that  within  certain 
limits  of  pressure  this  hypothesis  is  in  accordance  with  the  truth. 

D'Aubuisson  gives  for  this  case,  in  his  "  Traite  d'Hydraulique,"  a 
rather  complicated  formula,  containing  a  constant  deduced  from 
experiment,  whose  value,  according  to  a  calculation  made  by  the 
Author,  corresponds  approximately  to  6X  =  0  •  0003.  This  constant 
was  determined  by  taking  the  mean  of  experiments  made  with  tin 
tubes  of  0-0235  m.   (^  inch),  0'05   m.  (2  inches),   and  0-10   m. 

(4  inches)  diameter ;  and  it  was  erroneously  assumed  that  it  was. 
correct  for  all  diameters  and  all  materials. 

M„  Arson,  engineer  to  the  Paris  Gas  Company,  published  in 
13G7,  in  the  "  Memoires   de   la   Societe   des   Ingenieurs  Civils  de 
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France,"  the  results  of  some  experiments  on  the  loss  of  pressure  in 
gas  when  passing  through  pipes.  He  employed  cast-iron  pipes  of  the 
ordinary  kind.  He  has  represented  the  results  of  his  experiments  by 
the  binomial  formula  an  -f-  bu*,  and  gives  values  for  the  coefficients 
a  and  b,  which  diminish  with  an  increase  in  diameter,  but  would 
indicate  greater  losses  of  pressure  than  D'Aubuisson's  formula. 

M.  Devillez,  in  his  "  Rapport  sur  les  travaux  de  percement  du 
tunnel  sous  les  Alpes,"  states  that  the  losses  of  pressure  observed  in 
the  air-main  at  the  Mont  Cenis  tunnel  confirm  the  correctness  of 
D'Aubuisson's  formula ;  but  his  reasoning  applies  to  too  complex  an 
air-main  to  be  absolutely  convincing. 

Quite  recently  M.  E.  Stockalper,  engineer-in-chief  at  the 
northern  end  of  the  St.  Gothard  tunnel,  has  made  some  experiments 
on  the  air-main  of  this  tunnel,  the  results  of  which  he  has  kindly 
furnished  to  the  Author.  These  lead  to  values  for  the  coefficient  b1 
appreciably  less  than  that  which  is  contained  implicitly  in 
D'Aubuisson's  formula.  As  he  experimented  on  a  rising  pipe,  it  is 
necessary  to  introduce  into  the  formula  the  difference  of  level  7t 
between  the  two  ends ;  it  then  becomes — • 

The  following  are  the  details  of  these  experiments : — 

First  series  of  Experiments. — Air-main  consisting  of  cast-iron 
pipes,  joined  by  means  of  flanges,  bolts,  and  india-rubber  rings. 
D  =  0-20m.(Sin.);L  =  4600  m.  (15,100  ft.)  ;  h  =  26  •  77  m.  (87  ft. 
10  in.). 

1st  Experiment. — Q  =  0  ■  1860  cub.  m.  (6  ■  57  cub.  ft.),  at  a  pressure 

°f  iCPi  +  .P)>  an(l  a  temperature  of  22°  Centigrade  (72°  Fahrenheit)  ; 

px   =   5-60  atm.,  p   =    5*24  atm.      Hence  px  —  p    =    0-36    atm. 

=  0*36  x  10334  kilogrammes  per  sq.  metre  (2116  lbs.  per  sq.  ft.); 

whence  we  obtain  bx  =  0-0001697. 

D'Aubuisson's  formula  would  have  given px  —  p  —  0-626  atm.; 
and  M.  Arson's  would  have  given  px  —  p  =  0*92  atm. 

2nd  Experiment. — Q  =  0  -1566  cub.  m.  (5  •  53  cub.  ft.),  at  a  pressure 
of  2  Oi  +  P),  and  a  temperature  of  22°  Cent.  (72°  Fahr.)  ;px  =  4-35 
atm.,  p  =  4-13  atm.     Hence px  -p  =  0  22  atm.  =  0*22   x   10334 


72  TRANSMISSION    OF    TOWER.  Jan.  1881. 

kg.  per  sq.  m.  (211G  lbs.  per  sq.  ft.);  whcnco  we  obtain  h1  = 
0*0001816. 

D'Aubuisson's  formula  would  have  given  px  —  p  =  0*347  atm.  ; 
and  M.  Arson's  would  bave  given  px  —  p  =  0  •  53  atm. 

3rd  Experiment. — Q  =  0  ■  1495  cub.  m.  (5  ■  28  cub.  ft.),  at  a  pressure 
of  i  (pl  +  p)  and  a  temperature  of  22°  Cent.  (72°  Fabr.)  ;jpx  =  3*84 
atm.,_p  =  3-65  atm.  Hence  p1  -p  =  0-19  atm.  =  0-19  X  10334 
kg.  persq.  m.  (211G  lbs.  per  sq.ft.);  whence  we  obtain  ov  =  0*0001966. 

D'Aubuisson's  formula  would  bave  given  pl  —  p  —  0*284  atm., 
and  M.  Arson's  would  bave  given  px  —  p  =  0  ■  43  atm. 

Second  series  of  Experiments. — Air-main  composed  of  wrought-iron 
pipes,  witb  joints  as  in  the  first  experiments.  D  =  0  *  15  m.  (6  inches), 
L  =  522  m.  (1712  feet),  7*  -  3*04 m.  (10  feet). 

1st  Experiment. — Q  =  0*2005  cub.  m.  (7*08  cub.  ft.),  at  a  pressure 
of  h  Oi  +  P\  and  a  temperature  of  26° *  5  Cent.  (80°  Fabr.) ;  jpL  =  5  -24 
atm.,^  =  5*00  atm.  Hence px  -  p  =  0*24  atm.  =0*24  x  10334  kg. 
per  sq.  m.  (2116  lbs.  per  sq.  ft.) ;  whence  we  obtain  ^  =  0*0002275. 

2nd  Experiment. — Q  =  0  *  1586  cub.  m.  (5*6  cub.  ft.),  at  a  pressure 
of  2  (>i+.p)5and  a  temperature  of  26°*  5  Cent.  (80°  Fabr.)  ;px  =  3*650 
atm.,  p  =  3*545  atm.  Hence  px  —  p  =  0*105  atm.  =  0*105  X 
10334  kg.  per  sq.  m.  (2116  lbs.  per  sq.  ft.);  whence  we  obtain 
b,  =  0*0002255. 

It  is  clear  that  these  experiments  give  very  small  values  for  the 
coefficient.  The  divergence  from  the  results  which  D'Aubuisson's 
formula  would  give  is  due  to  tbe  fact  that  his  formula  was  determined 
with  very  small  pipes.  It  is  probable  that  the  coefficients 
corresponding  to  diameters  of  0  *  15  m.  (6  in.)  and  0  *  20  m.  (8  in.)  for  a 
substance  as  smooth  as  tin  would  be  still  smaller  respectively  than 
the  figures  obtained  above.  Tbe  divergence  from  tbe  results  obtained 
by  M.  Arson's  formula  does  not  arise  from  a  difference  in  size  of  pipes, 
as  this  is  here  taken  into  account.  The  Author  considers  that  it  may  be 
attributed  to  the  fact  that  the  pipes  for  tbe  St.  Gothard  tunnel  were 
cast  with  much  greater  care  than  ordinary  pipes,  which  rendered 
their  surface  smoother  ;  and  also  to  the  fact  that  flanged  joints  produce 
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much  less  irregularity  in  the  internal  surface  than  the  ordinary 
spigot  and  faucet  joints.  Lastly,  the  difference  in  the  methods  of 
observation,  and  the  errors  appertaining  to  these,  must  be  taken  into 
account.  M.  Stockalper,  who  experimented  on  high  pressures, 
used  metallic  gauges,  which  are  instruments  on  whose  sensibility 
and  correctness  complete  reliance  cannot  be  placed ;  and  the 
standard  gauge  with  which  they  were  compared  was  also  one  of  the 
same  kind.  The  Author  is  not  of  opinion  that  the  divergence  is 
owing  to  the  fact  that  M.  Stockalper  made  his  observations  on  an  air- 
main  in  which  the  pressure  was  much  higher  than  in  gas  pipes. 
Indeed  it  may  be  assumed  that  gases  and  liquids  act  in  the  same 
manner ;  and,  as  will  be  explained  later  on,  there  is  reason  to  believe 
that  with  the  latter  a  rise  of  pressure  increases  the  losses  of  pressure 
instead  of  diminishing  them. 

All  the  pipes  for  supplying  compressed  air  in  tunnels  and  in 
headings  of  mines  are  left  uncovered,  and  have  flanged  joints ; 
which  are  'advantages  not  merely  as  regards  prevention  of  leakage, 
but  also  for  facility  of  laying  and  of  inspection.  If  a  compressed- 
air  pipe  had  to  be  buried  in  the  ground,  the  flanged  joint 
would  lose  a  part  of  its  advantages ;  but  nevertheless  the  Author 
considers  that  it  would  still  be  preferable  to  the  ordinary  joint. 

It  only  remains  to  refer  to  the  motors  supplied  by  the  compressed 
air.  This  subject  is  still  in  its  infancy  from  a  practical  point  of  view. 
In  proportion  as  the  air  becomes  hot  by  compression,  so  it  cools  by 
expansion,  if  the  vessel  containing  it  is  impermeable  to  heat.  Under 
these  conditions  it  gives  out  in  expanding  a  power  appreciably  less 
than  if  it  retained  its  original  temperature  ;  besides  which  the  fall 
of  temperature  may  impede  the  working  of  the  machine,  by  freezing 
the  vapour  of  water  contained  in  the  air.  If  it  is  desired  to  utilise 
to  the  utmost  the  force  stored  up  in  the  compressed  air,  it  is  necessary 
to  endeavour  to  supply  heat  to  the  air  during  expansion,  so  as  to~ 
keep  its  temperature  constant.  It  would  be  possible  to  attain  this 
object  by  the  same  means  which  prevent  heating  in  compression, 
namely,  by  the  circulation  and  injection  of  water.  It  would  perhaps 
be  necessary  to  employ  a  rather  larger  quantity  of  water  for  injection, 
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as  the  water,  instead  of  acting  by  virtue  both  of  its  heat  of 
vaporisation  and  of  its  specific  heat,  can  in  this  case  act  only  by 
virtue  of  the  latter. 

These  methods  might  be  employed  without  difficulty  for  air 
machines  of  some  size.  It  would  be  more  difficult  to  apply  them  to 
small  housohold  machines,  in  which  simplicity  is  an  essential  element  , 
and  we  must  rest  satisfied  with  imperfect  methods,  such  as  proximity 
to  a  stove,  or  the  immersion  of  the  cylinder  in  a  tank  of  water. 
Consequently  loss  of  power  by  cooling  and  by  incomplete  expansion 
cannot  be  avoided.  The  only  way  to  diminish  the  relative  amount 
of  this  loss  is  to  employ  compressed  air  at  a  pressure  not  exceeding 
3  or  4  atmospheres. 

The  only  real  practical  advance  made  in  this  matter  is  in 
Mekarski's  compressed-air  engine  for  tramways.  In  this  engine  the 
air  is  made  to  pass  through  a  small  boiler,  containing  water  at  a 
temperature  of  about  120°  Cent.  (248°  Fahr.),  before  entering  the 
cylinder  of  the  engine.  It  must  be  observed  that  in  order  to  reduce 
the  size  of  the  reservoirs,  which  are  carried  on  the  locomotive,  the  air 
inside  them  must  be  very  highly  compressed ;  and  that  in  going  from 
the  reservoir  into  the  cylinder  it  passes  through  a  reducing  valve,  or 
expander,  which  keeps  the  pressure  of  admission  at  a  definite  figure  ; 
so  that  the  locomotive  can  continue  working  so  long  as  the  supply  of 
air  contained  in  the  reservoir  has  not  come  down  to  this  limiting 
pressure.  The  air  does  not  pass  the  expander  until  after  it  has 
gone  through  the  boiler  already  mentioned.  Therefore,  if  the 
temperature  which  it  assumes  in  the  boiler  is  100°  Cent.  (212°  Fahr.), 
and  if  the  limiting  pressure  is  5  atm.,  the  gas  which  enters  the  cylinder 
will  be  a  mixture  of  air  and  water-vapour  at  100°  Cent. ;  and  of  its 
total  pressure  the  vapour  of  water  will  contribute  1  atm.  and  the 
air  4  atm.  Thus  this  contrivance,  by  a  small  expenditure  of  fuel, 
enables  the  air  to  act  expansively  without  injurious  cooling,  and  even 
reduces  the  consumption  of  compressed  air  to  an  extent  which 
compensates  for  part  of  the  loss  of  power,  arising  from  the  preliminary 
expansion  which  the  air  experiences  before  its  admission  into  the 
cylinder. 
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It  is  clear  that  this  same  contrivance,  or,  what  amounts  to  the 
same  thing,  a  direct  injection  of  steam,  at  a  sufficient  pressure,  for  the 
purpose  of  maintaining  the  expanding  air  at  a  constant  temperature, 
might  be  tried  in  a  stationary  engine  worked  by  compressed  air  with 
some  chance  of  success.  Whatever  method  is  adopted,  it  would  be 
advantageous  that  the  losses  of  pressure,  in  the  pipes  connecting  the 
compressors  with  the  motors,  should  be  reduced  as  much  as  possible, 
for  in  this  case  that  loss  would  represent  a  loss  of  efficiency.  If,  on 
the  other  hand,  owing  to  defective  means  of  reheating,  it  is  necessary 
to  remain  satisfied  with  a  small  amount  of  expansion,  the  loss  of 
pressure  in  the  pipe  is  unimportant,  and  has  only  the  effect  of 
transferring  the  limited  expansion  to  a  point  a  little  lower  on  the 
scale  of  pressures. 

If  W  is  the  net  available  power  from  the  shaft  of  the  engine  which 
works  the  compressor,  v1  the  volume  of  air  supplied  by  the  compressor 
at  the  pressure  px  and  at  the  temperature  of  the  surrounding  air, 
and p0  the  atmospheric  pressure  ;  then  the  efficiency  of  the  compressor, 
assuming  the  air  to  expand  according  to  Boyle's  law,  is  given  by  the 
well-known  formula — 

Pi  vi  lQg  p, 
W 

Let  p.2  be  the  value  to  which  the  pressure  is  reduced  by  the  loss  of 
pressure  at  the  end  of  the  pipe,  and  v2  the  volume  which  the  air 
occupies  at  this  pressure  and  at  the  same  temperature :  then  the  force 
stored  up  in  the  air  at  the  end  of  its   course  through  the  pipe  is 

Pi  v2  log  ,,"•     Consequently  the  efficiency  of  the  pipe  is 

,       Vi 


PiVil°g}p0 


Pa 

a  fraction  which  may  be  reduced  to  the  simple  form -°  if  there  is 

log — 

no  leakage  during  the  passage  of  the  air,  because  in  that  casep2  v2  =p1  vv 
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Lastly,  if  Wj  is  the  net  available  power  from  the  shaft  of  the 
compressed-air  motor,  the  efficiency  of  this  engine  will  he — 

J>2»2l0g- 

w 

anil  the  product  of  these  three  partial  efficiencies  is  equal  to    ^  ,  tlie 
general  efficiency  of  the  transmission. 

III. — Transmission  by  Pressure-Water. 

As  transmission  of  power  by  compressed  air  has  been  specially 
applied  to  the  driving  of  tunnels,  so  transmission  by  pressure-water 
has  been  specially  resorted  to  for  lifting  heavy  loads,  or  for  work 
of  a  similar  nature,  such  as  the  operations  connected  with  the 
manufacture  of  Bessemer  steel,  or  of  cast-iron  pipes.  The  Author 
does  not  propose  to  treat  of  transmissions  established  for  this  special 
purpose,  and  depending  on  the  use  of  accumulators  at  high  pressure, 
as  he  has  no  fresh  matter  to  impart  on  this  subject,  and  as  he 
believes  that  the  remarkable  invention  of  Sir  William  Armstrong 
was  described,  for  the  first  time,  in  the  Proceedings  of  the  Institution 
of  Mechanical  Engineers.  His  object  is  to  refer  to  transmissions 
aj)j)licable  to  general  purposes. 

The  transmission  of  power  by  water  may  occur  in  another  form. 
The  motive  force  to  be  transmitted  may  be  employed  for  working 
pumps  which  raise  the  water,  not  to  a  fictitious  height  in  an 
accumulator,  but  to  a  real  height  in  a  reservoir,  with  a  channel  from 
this  reservoir  to  distribute  the  water  so  raised  amongst  several  motors 
arranged  for  utilising  the  pressure.  The  Author  is  not  aware  that 
works  have  been  carried  out  for  this  purpose.  In  many  towns 
however  a  part  of  the  water  from  the  public  mains  serves  to  supply 
small  motors :  consequently  if  the  water,  instead  of  being  brought 
by  a  natural  fall,  has  been  previously  lifted  artificially,  it  might  be 
said  that  a  transmission  of  power  is  here  grafted  on  to  the  ordinary 
distribution  of  water. 

Unless  a  positive  or  negative  force  of  gravity  is  introduced  into 
the  problem,  independently  of  the  force  to  be  transmitted,  it  must  be 
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assumed  that  the  motors  supplied  with  the  pressure-water  are  at  the 
same  level  as  the  forcing  pumps  ;  or  more  correctly  that  the  exhaust 
from  those  motors  is  at  the  same  level  as  the  surface  of  the  water 
from  which  the  pumps  draw  their  supply.  In  this  case  the  general 
efficiency  of  transmission  is  the  product  of  three  partial  efficiencies, 
which  correspond  exactly  to  those  mentioned  with  regard  to  compressed 
air. 

The  height  of  lift,  contained  in  the  numerator  of  the  fraction 
which  expresses  the  efficiency  of  the  pumps,  is  not  to  be  taken  as  the 
difference  in  level  between  the  surface  of  the  water  in  the  reservoir 
and  the  surface  of  the  water  whence  the  pumps  draw  their  supply  ; 
but  as  this  difference  in  level,  plus  the  loss  of  pressure  in  the  suction 
pipe,  which  is  usually  very  short,  and  plus  the  loss  in  the  channel  up 
to  the  reservoir,  which  may  be  very  long.  A  similar  loss  of  initial 
pressure  affects  the  efficiency  of  the  discharge  channel  from  the 
reservoir.  Such  a  reservoir,  if  of  sufficient  capacity,  may  become  an 
important  store  of  power ;  whilst  the  compressed-air  reservoir  can: 
only  be  so  to  a  very  limited  extent. 

Omitting  the  subject  of  the  pumps,  and  passing  on  at  once  to  the 
water  mains,  the  Author  may  first  point  out  that  the  distinction 
between  the  ascending  and  the  descending  mains  of  the  system  is  of 
no  importance,  for  two  reasons :  firstly,  that  nothing  prevents  the 
motors  being  supplied  direct  from  the  first  alone ;  and  secondly,  that 
the  one  is  not  always  distinct  from  the  other.  In  fact  the  reservoir 
may  be  connected  by  a  single  branch  pipe  with  the  system  which 
extends  from  the  pumps  to  the  motors  :  it  may  even  be  placed  at  the 
extreme  end  of  this  system  beyond  the  motors,  provided  always 
that  the  supply-pipe  is  taken  into  it  at  the  bottom. 

The  same  formula  may  be  adopted  for  the  loss  of  initial  pressure 
in  water  pipes  as  for  compressed-air  pipes,  viz. 

—5—  =  -a  r>i  h(*   ±  h> 

li  being  the  difference  of  level  between  the  two  ends  of  the  portion 
of  pipe  of  length  L,  and  the  sign  +  or  —  being  used  according  as 
the  pipe  rises  or  falls.      The  specific  weight  8  is  constant,  and  the 

quotients  y  and  ^  represent  the  heights  zx  and  z  to  which  the  water 
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could  rise  above  the  pipe,  in  vertical  tubes  branching  from  it,  at  the 
beginning  and  end  of  the  length  L. 

The  values  assigned  to  the  coefficient  &t  in  France   are    those 
determined  by  D'Arcy.     For  new  cast-iron  pipes  he  gives — 

6,  =  0-0002535  -f-  *  0-00000647; 

^ind  recommends  that  this  value  should  be  doubled,  to  allow  for  the 
rust  and  incrustation  which  more  or  less  form  inside  the  pipes 
during  use.  The  determination  of  this  coefficient  was  made  from 
experiments  in  which  the  pressure  did  not  exceed  4  atmospheres ; 
within  these  limits  the  value  of  the  coefficient,  as  is  generally 
admitted,  is  independent  of  the  pressure.  The  experiments  made  by 
M.  Barret,  on  the  pressure  pipe  of  the  accumulator  at  the  Marseilles 
docks,  seem  to  indicate  that  the  loss  of  pressure  would  be  greater  for 
high  pressures,  everything  else  being  equal.  This  pipe,  having  a 
diameter  of  0*127m.  (5  in.),  was  subjected  to  an  initial  pressure  of 
52  atmospheres.  The  Author  gives  below  the  results  obtained  for  a 
straight  length  of  320  m.  (1050  ft.);  and  has  placed  beside  them 
the  results  which  D'Arcy's  formula  would  give. 


Velocity  of  Flow. 
Per  second. 

Loss  of  Head,  in  metres  or  feet  respectively 
per  100  metres  or  feet  run  of  pipes. 

Actual  Loss 
observed. 

Calculated  Loss. 

Old  pipes. 

New  pipes. 

Metres. 

Feet. 

i 

Met.  or  Ft. 

Met.  or  Ft. 

Met.  or  Ft. 

0-25 

0-32 

1-5 

0-12 

0-0G 

0-50 

1-64 

2-5 

0-48 

0-24 

0-75 

2-46 

3-7 

1-08 

0-54 

1-00 

3-28 

5-5 

1-92 

0-96 

1-25 

4-10 

61 

3-00 

1-50 

1-50 

4-92 

7'3 

432 

216 

1-75 

5-74 

8-0 

5-88 

2-94 

2-00 

G-56 

10-2 

7-68 

3-84 

2 -25 

7-38 

11-7 

9-72 

4-86 

2-50 

8-20 

14-0 

12-00 

6-00 

Moreover,  these  observed  results  would  appear  to  indicate  a 
different  law  from  that  which  is  expressed  by  the  formula  btu2,  as  is 
easy  to  see  by  representing  them  graphically.      It  would   be  very 
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desirable  that  fresh  experiments  should  be  made  on  water  pipes  under 
high  pressure,  and  of  various  diameters. 

Of  machines  worked  by  water  pressure,  the  Author  proposes  to 
refer  only  to  two,  which  appear  to  him  in  every  respect  the  most 
practical  and  advantageous. 

One  is  the  piston  machine  of  M.  Albert  Schmid,  engineer  at 
Zurich.  The  cylinder  is  oscillating,  and  the  distribution  is  effected 
without  an  eccentric,  by  the  relative  motion  of  two  cylindrical  surfaces 
fitted  one  against  the  other,  and  having  the  axis  of  oscillation  for  a 
common  axis.  The  convex  surface,  which  is  movable  and  forms 
part  of  the  cylinder,  serves  as  a  port-face,  and  has  two  ports  in  it 
communicatirjg  with  the  two  ends  of  the  cylinder.  The  concave 
surface,  which  is  fixed  and  plays  the  part  of  a  slide-valve, 
contains  three  openings,  the  two  outer  ones  serving  to  admit 
the  pressure-water,  and  the  middle  one  to  discharge  the  water 
after  it  has  exerted  its  pressure.  The  piston  has  no  packing.  It 
has  grooves"  turned  in  its  circumference,  which  produce  a  sort  of 
water  packing,  maintained  by  adhesion.  A  small  air-chamber  is 
connected  with  the  inlet  pipe,  and  serves  to  deaden  the  shocks.  This 
engine  is  often  made  with  two  cylinders,  having  their  cranks  at  right 
angles. 

The  other  engine,  which  is  much  less  used,  is  a  turbine  on 
Girard's  system,  with  a  horizontal  axis  and  partial  admission,  exactly 
resembling  in  miniature  those  employed  in  raising  water  at  the 
waterworks  of  St.  Maur,  near  Paris.  The  water  is  introduced  by 
means  of  a  distributor,  which  is  fitted  inside  the  turbine  casing,  and 
occupies  a  certain  portion  of  its  circumference.  This  turbine  has  a 
lower  efficiency  than  Schmid's  machine,  and  is  less  suitable  for  high 
pressures ;  but  it  possesses  this  advantage  over  it,  that  by  regulating 
the  amount  of  opening  of  the  distributor,  and  consequently  the 
quantity  of  water  admitted,  the  power  can  be  altered  without  altering 
the  velocity  of  rotation.  As  it  admits  of  high  speeds,  it  could  be 
usefully  employed  direct,  without  the  interposition  of  spur-wheels 
or  belts,  for  driving  magneto-electric  machines  employed  for  the 
production  of  light,  for  electrotyping,  &c. 
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In  compressed-air  machines  the  losses  of  pressure  due  to  incomplete 
expansion,  cooling,  and  waste  spaces,  play  an  important  part.  In 
water-pressure  machines  loss  does  not  occur  from  these  causes,  on 
account  of  the  inconipressibility  of  the  liquid  ;  but  the  frictions  of 
the  parts  are  the  principal  causes  of  loss  of  power.  It  would  be 
advisable  to  ascertain  whether,  as  regards  this  point,  high  or  low 
pressures  are  the  most  advantageous.  Theoretical  considerations 
would  lead  the  Author  to  imagine  that  for  a  piston  machine  low 
pressures  are  preferable. 

In  conclusion,  the  following  Table  gives  the  efficiencies,  as 
measured  in  1871  by  Professor  Fliegner,  of  a  Girard  turbine, 
constructed  by  Messrs.  Escher  Wyss  and  Co.  of  Zurich,  and  of 
a  Schmid  machine  : — 


Escher  Wyss  and  Co.'s  Girard  Turbine. 

Schmid  Motor. 

Effective  Head 
of  Water. 

Revolutions 

per 

minute. 

Efficiency. 

1 

Effective  Head 
of  Water. 

Revolutions 

per 

minute. 

Efficiency. 

Metres. 

Feet.             Revs. 

Per  cent. 

i     Metres. 

Feet. 

Revs. 

Per  cent. 

.. 

8-3 

27*2 

226 

37-4 

11 

4 

37-4 

182 

67 

4 

14 

5 

47-6 

255 

53 

4 

17 

9 

58-7 

157 

86 

2 

20-7 

67-9 

628 

68 

5 

20 

7 

67-9 

166 

89 

6 

20-7 

67-9 

847 

47 

4 

20 

7 

67-9 

225 

74 

6 

. 

;     24 

1 

79-0 

238 

76 

7 

24-1 

79-0 

645 

68 

5 

24 

1 

79-0 

389 

64 

0 

27-6 

90-5 

612 

65 

7 

1     27 

6 

90-5 

207 

83 

9 

27-6 

90-5 

756 

68 

0 

31-0 

101-7 

935 

56 

9 

. 

31-0 

101-7 

1130 

35-1 

• 

■• 

It  will  be  observed  that  these  experiments  relate  to  low  pressures ; 
it  would  be  desirable  to  extend  them  to  higher  pressures. 


IV. — Transmission  by  Electricity. 

However  high  the  efficiency  of  an  electric  motor  may  be,  in 
relation  to  the  chemical  work  of  the  electric  battery  which  feeds  it, 
force  generated  by  an  electric  battery  is  too  expensive,  on  account  of 
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the  nature  of  the  materials  consumed,  for  a  machine  of  this  kind  ever 
to  be  employed  for  industrial  purposes.  If  however  the  electric 
current,  instead  of  being  developed  by  chemical  work  in  a  battery,  is 
produced  by  ordinary  mechanical  power  in  a  magneto-electric  or 
dynamo-electric  machine,  the  case  is  different ;  and  the  double 
transformation,  first  of  the  mechanical  power  into  an  electric  current, 
and  then  of  that  current  into  mechanical  power,  furnishes  a  means  for 
effecting  the  conveyance  of  the  power  to  a  distance. 

It  is  this  last  method  of  transmission  which  remains  to  be 
discussed.  The  Author  however  feels  obliged  to  restrict  himself 
in  this  matter  to  a  mere  summary ;  and  indeed  it  is  English 
physicists  and  engineers  who  have  taken  the  technology  of  electricity 
out  of  the  region  of  empiricism,  and  have  placed  it  on  a  scientific  and 
rational  basis.  Moreover  they  are  also  taking  the  lead  in  the  progress 
which  is  being  effected  in  this  branch  of  knowledge,  and  are  best 
qualified  to  determine  its  true  bearings. 

When  an  electric  current,  with  an  intensity  i,  is  produced,  either 
by  chemical  or  mechanical  work,  in  a  circuit  having  a  total  resistance 
R,  a  quantity  of  heat  is  developed  in  the  circuit ;  and  this  heat  is  the 
exact  equivalent  of  the  power  expended,  so  long  as  the  current  is  not 
made  use  of  for  doing  any  external  work.  The  expression  for  this 
quantity  of  heat,  per  unit  of  time,  is  APR, ;  A  being  the  thermal 
equivalent  of  the  unit  of  power  corresponding  to  the  units  of  current 
and  resistance,  in  which  i  and  R  are  respectively  expressed. 

The  product  ^2R  is  a  certain  quantity  of  power,  which  the  Author 
proposes  to  call  power  transformed  into  electricity.  When  mechanical 
power  is  employed  for  producing  a  current  by  means  of  a  magneto- 
electric  or  dynamo-electric  machine, — or,  to  use  a  better  expression,, 
by  means  of  a  mechanical  generator  of  electricity, — it  is  necessary  in 
reality  to  expend  a  greater  quantity  of  power  than  i2~R,  in  order  to 
make  up  for  losses  which  result  either  from  ordinary  friction  or  from 
certain  electro-magnetic  reactions  which  occur.  The  ratio  of  the 
quantity  i2~R  to  the  power  W  actually  expended  per  unit  of  time  is 
called  the  efficiency  of  the  generator.     Designating  it  by  K,  we  have 

\v  —  il? 

...  "    K   * 
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It  is  very  important  to  ascertain  the  value  of  this  efficiency, 
considering  that  it  necessarily  enters  as  a  factor  into  the  evaluation  of 
all  the  effects  to  he  produced  by  means  of  the  generator  in  question. 

The  following  Table  *  gives  the  results  of  certain  experiments 
made  early  in  1879,  with  a  Gramme  machine,  by  an  able  physicist, 
M.  Hagenbach,  Professor  at  the  University  at  Basle,  and  kindly 
furnished  by  him  to  the  Author  : — 


No.  of  Experiment. 

Eevolutions  per  minute 
Total      Resistance      in"! 

Siemens  units J 

Total      Resistance     in) 

absolute  units / 

Intensity    in    chemical \ 

units J 

Intensity    in    absolute"! 

units / 

Work     Done    PR     inl 

absolute  units J 

Work    Done     i"R     inl 

kilogrammetres    J 

Power     Expended      in) 

kilogrammetres   J 

Efficiency per  cent. 


893 
6-06 

5-7S7X109 

6-28 

1-005 
584-9  xl0T 

59-62 

83-25 
71-6 


900-5 
4-94 

4-718X109 
8-09 
1-295 

791*3x10' 

80-66 

S6-25 
93-5 


919-5 
3-82 

3-648  x  10° 

10-99 

1-759 

1129-2  x  107 

115-1 

141-0 
81-6 


935 
2-55 

2  435  X  109 

17-67 

2-S28 

1948-6  x  10: 

198 -G 

301-5 
65-9 


M.  Hagenbach's  dynamometric  measurements  were  made  with 
a  brake.  After  each  experiment  on  the  electric  machine,  he  applied 
the  brake  to  the  engine  which  he  employed,  taking  care  to  make  it 
run  at  precisely  the  same  speed,  with  the  same  pressure  of  steam,  and 
with  the  same  expansion,  as  during  the  experiment.  It  would 
certainly  be  better  to  measure  the  force  expended  during,  and  not 
after,  the  experiment,  by  means  of  a  registering  dynamometer. 
Moreover  M.  Hagenbach  writes  that  his  measurements  with  the 
brake  were  very  much  prejudiced  by  external  circumstances  :  doubtless 
this  is  the  reason  of  the  divergences  among  the  results  obtained. 

About  the  same  time  Dr.  Hopkinson  communicated  to  this 
Institution  the  results  of  some  very  careful  experiments  made  on  a 
Siemens  machine.     He  measured  the  force  expended  by  means  of  a 

*  See  Mr.  Shoolbred's  conversion  of  these  results  into  English  nomenclature, 
p.  S8  infra. 
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registering  dynamometer,  and  obtained  very  high  coefficients  of 
efficiency,  amounting  to  nearly  90  per  cent.  M.  Hagenbach  also 
obtained  from  one  machine  a  result  only  6^  per  cent,  less  than  unity. 

Mechanical  generators  of  electricity  are  certainly  capable  of  being 
improved  in  several  respects,  especially  as  regards  their  adaptation 
to  certain  definite  classes  of  work.  But  there  remains  hardly  any 
margin  for  further  progress  as  regards  efficiency. 

Power  transformed  into  electricity  in  a  generator  may  be  expressed 
by  iwMC ;  w  being  the  angular  velocity  of  rotation,  M  the  magnetism 
of  one  of  the  intervening  poles,  either  inducing  or  induced,  and  C 
a  constant  specially  belonging  to  each  apparatus,  and  independent  of 
the  units  adopted.  This  constant  could  not  be  determined  except  by 
an  integration  practically  impossible ;  and  the  product  M  C  must  be 
considered  indivisible.  Even  in  a  magneto-electric  machine  (with 
permanent  inducing  magnets),  and  much  more  in  a  dynamo-electric 
machine  (inducing  by  means  of  electro-magnets  excited  by  the  very 
current  produced),  the  product  M  C  is  a  function  of  the  intensity. 
From    the   identity  of  the    expressions  PR,  and  t'uMC  we  obtain 

the  relation  M  C  =  — ,  which  indicates  the  course  to  be  pursued  to 

determine  experimentally  the  law  connecting  the  variations  of 
M  C  with  those  of  i.  Some  experiments  made  in  1876  by 
M.  Hagenbach  on  a  Gramme  dynamo-electric  machine  appear  to 
indicate  that  the  magnetism  M  C  does  not  increase  indefinitely  with 
the  intensity,  but  that  there  is  some  maximum  value  for  this  quantity. 

If,  instead  of  working  a  generator  by  an  external  motive  force,  a 
current  is  passed  through  its  circuit  in  a  certain  given  direction,  the 
movable  part  of  the  machine  will  begin  to  turn  in  the  opposite 
direction  to  that  in  which  it  would  have  been  necessary  to  turn  it 
in  order  to  obtain  from  it  a  current  in  the  given  direction.  In  virtue 
of  this  motion,  the  electro-magnetic  forces  which  are  generated  may 
be  used  to  overcome  a  resisting  force.  The  machine  will  then  work 
as  a  motor  or  receiver. 

Let  i  be  the  intensity  of  the  external  current  which  works  the 
motor,  when  the  motor  is  kept  at  rest.     If  it  is  now  allowed  to  move, 

m  2 
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its  motion  produces,  in  virtue  of  the  laws  of  induction,  a  current  in 
the  circuit,  of  intensity  iv  in  the  opposito  direction  to  the  external 
current :  the  effective  intensity  of  the  current  traversing  the  circuit 
is  thus  reduced  to  i  —  ix.  The  intensity  of  the  counter  current  is 
given,  like  that  of  the  generating  current,  by  the  equation  z\2  E  = 
ix  toj  M!  C„  or  »j  E  =  to,  Mj  Cj ;  the  suffix  x  denoting  the  quantities 
relating  to  the  motor.     Here  M1  C\  is  a  function  of  i  —  iv  not  of  i. 

As  in  a  generator  the  power  transformed  into  electricity  has  a 
value  i  w  M  C,  so  in  a  motor  the  power  developed  by  electricity  is 
(»  —  ix)  wt  Mj  Cx.  On  account  however  of  the  losses  which  occur,  the 
effective  power  W15  that  is  the  power  available  from  the  shaft  of  the 
motor,  will  have  a  smaller  value;  and  in  order  to  arrive  at  it  a 
coefficient  of  efficiency  K2  must  be  added.  We  shall  then  have 
Wt  =  Kj  (i  —  ii)  wj  M,  Cj.  The  Author  has  no  knowledge  of  any 
experiments  having  been  made  for  obtaining  this  efficiency  Kx. 

Next  let  us  suppose  that  the  current  feeding  the  motor  is 
furnished  by  a  generator,  so  that  actual  transmission  by  electricity  is 
taking  place.  The  circuit,  whose  resistance  is  E,  comprises  then  the 
coils,  both  fixed  and  movable,  of  the  generator  and  motor,  and 
the  conductors  which  connect  them.  The  intensity  of  the  current 
which  traverses  the  circuit  had  the  value  i  when  the  motor  was  at 
rest ;  by  the  working  of  the  motor  it  is  reduced  to  i  —  »la  The  power 
applied  to   the   generator   is   itself  reduced   to  W  =  *•*  ~  *iJ M . 

The  prime  mover  is  relieved  by  the  action  of  the  counter  current, 
precisely  as  the  consumption  of  zinc  in  the  battery  would  be  reduced 
by  the  same  cause,  if  the  battery  were  the  source  of  the  current. 

The  efficiency  of  the  transmission  is  '  Calculation  shows  that 
it  is  expressed  by  the  following  equations : — 

W  :  «  M  C    '  x  »,  M,  C,  +  (i  -  *,)  R' 

expressions  in  which  it  must  be  remembered  M  C  and  Mj  C\  are  really 
functions  of  (i  —  ^). 

This  efficiency  is  then  the  product  of  three  distinct  factors,  each 
evidently  less  than  unity,  namely  the  efficiency  belonging  to  the 
generator,  the  efficiency  belonging  to  the  motor,  and  a  third  factor 
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depending  on  the  rate  of  rotation  of  the  motor  and  the  resistance  of 
the  circuit.  The  influence  which  these  elements  exert  on  the  value 
of  the  third  factor  cannot  be  estimated,  unless  the  law  is  first  known 
according  to  which  the  magnetisms  M  C  and  Mj  C:  vary  with  the 
intensity  of  the  current. 


Casting  a  retrospective  glance  at  the  four  methods  of  transmission 
of  power  which  have  been  examined,  it  would  appear  that  transmission 
by  ropes  forms  a  class  by  itself,  whilst  the  three  other  methods 
combine  into  a  natural  group,  because  they  possess  a  character  in 
common  of  the  greatest  importance.  It  may  be  said  that  all  three 
involve  a  temporary  transformation  of  the  mechanical  power  to  be 
utilised  into  potential  energy.  Also  in  each  of  these  methods  the 
efficiency  of  transmission  is  the  product  of  three  corresponding- 
factors  or  partial  efficiencies : — namely,  1st,  the  efficiency  of  the 
instrument  which  converts  the  actual  energy  of  the  prime  mover 
into  potential  energy  ;  2nd,  the  efficiency  of  the  instrument  which 
reconverts  this  potential  energy  into  actual  energy,  that  is  into 
motion,  and  delivers  it  up  in  this  shape  for  the  final  motors 
which  perform  useful  work  ;  3rd,  the  efficiency  of  the  intermediate 
agency  which  serves  for  the  conveyance  of  potential  energy  from 
the  first  instrument  to  the  second.  This  third  factor  has  just  been 
given  for  transmission  by  electricity.  It  is  to  a  certain  extent  the 
correlative  of  the  efficiency  of  the  pipe,  in  the  case  of  compressed 
air,  or  of  pressure  water. 

It  is  as  useful  in  the  case  of  electric  transmission,  as  of  any  other 
method,  to  be  able,  in  designing  a  system,  to  estimate  beforehand 
what  results  it  will  be  capable  of  furnishing ;  and  for  this  purpose  it 
is  necessary  to  calculate  exactly  the  factors  which  compose  the 
efficiency.  In  order  to  obtain  this  desirable  knowledge,  the  Author 
considers  that  the  three  following  points  should  form  the  aim  of 
experimentalists : — 

1st.  The  determination  of  the  efficiency  K  of  the  principal  kinds  of 
magneto-electric,  or  dynamo-electric,  machines  working  as  generators. 

2nd.  The  determination  of  the  efficiency  Kr  of  the  same  machines 
working  as  motors. 
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3rd.  Tko  determination  of  the  law  according  to  which  the 
magnetism  of  the  cores  of  these  machines  varies  with  the  intensity 
of  the  current. 

The  Author  is  of  opinion  that  experiments  made  with  these 
objects  in  view  would  be  more  useful  than  those  conducted  for 
determining  the  general  efficiency  of  transmission  ;  for  the  latter 
give  results  only  available  under  precisely  similar  conditions. 
However  it  is  clear  that  these  have  their  value,  and  must  not  be 
neglected. 

There  are  moreover  many  other  questions  requiring  to  be  elucidated 
by  experiment,  especially  as  regards  the  nature  of  the  conducting 
wires ;  but  it  is  needless  to  dwell  further  upon  this  subject,  which 
has  been  ably  treated  by  many  English  men  of  science,  for  instance 
Dr.  Siemens  and  Professor  Ayrton.  Nevertheless  for  further 
information  the  Author  would  refer  to  the  able  articles  published  in 
Paris  by  M.  Mascart,  in  the  "  Journal  de  Physique,"  in  1877 
and  1878. 

The  Author  would  gladly  have  concluded  this  paper  with  a 
comparison  of  the  efficiencies  of  the  four  systems  which  have  been 
examined,  or,  what  amounts  to  the  same  thing,  with  a  comparison  of 
the  losses  of  power  which  they  occasion.  Unfortunately  such  a 
comparison  has  never  been  made  experimentally,  because  hitherto  the 
opportunity  of  doing  it  in  a  demonstrative  manner  has  been  wanting  ; 
for  the  transmission  of  power  to  a  distance  belongs  rather  to  the 
future  than  to  the  present  time. 

Transmission  by  electricity  is  still  in  its  infancy ;  it  has  only  been 
applied  on  a  small  scale,  and  experimentally.  Of  the  three  other 
systems,  transmission  by  means  of  ropes  is  the  only  one  that  has  been 
employed  for  general  industrial  purposes ;  whilst  compressed  air  and 
water  under  pressure  have  been  applied  only  to  special  purposes,  and 
their  use  has  been  due  much  more  to  their  special  suitability  for 
these  purposes  than  to  any  considerations  relative  to  loss  of  power. 
Thus  the  useful  effect  of  the  compressed  air  used  in  driving  the 
tunnels  through  the  Alps,  assuming  its  determination  to  be  possible, 
was  undoubtedly  very  low  ;  nevertheless,  in  the  present  state  of  our 
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appliances,  this  is  the  only  process  by  which  such  operations  can  be 
accomplished. 

The  Author  believes  that  transmission  by  ropes  furnishes  the 
highest  proportion  of  useful  effect;  but  that,  as  regards  a  wide 
distribution  of  the  transmitted  power,  the  other  two  methods,  by  air 
and  water,  might  merit  the  preference. 


Discussion. 

The  Secretary  said  he  had  received  a  letter  from  M.  Achard 
expressing  his  regret  that  it  was  quite  impossible  for  him  to  be 
present  on  that  occasion,  owing  to  a  recent  severe  family  loss. 

Mr.  J.  N.  Shoolbred  observed  that  on  p.  82  the  author  had 
given  a  Table  of  the  results  of  M.  Hagenbach's  experiments,  in  a 
form  that  differed  somewhat  from  that  in  which  experiments  of  a 
similar  character  were  tabulated  in  Dr.  Hopkinson's  papers  (Proc. 
1879,  p.  249,  and  1880,  p.  268),  and  also  as  carried  out  by 
Mr.  Gray  of  Silvertown  (Proc.  1880,  p.  276)  on  a  Gramme  machine 
of  the  same  size  as  that  referred  to  by  M.  Achard.  He  had  thought 
it  might  be  interesting  if  the  experiments  in  the  paper  were  tabulated 
in  a  form  similar  to  that  previously  adopted,  so  that  the  data  might 
be  readily  compared  with  those  of  Dr.  Hopkinson  and  Mr.  Gray : 
and  he  had  done  this  in  the  Table  on  the  next  page. 
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These  experiments  presented  some  rather  peculiar  results,  and 
certain  of  the  figures  might  be  doubtful.  In  M.  Hagenbach's  original 
communication  to  M.  Achard  (which  by  M.  Achard's  kindness  he  had 
been  allowed  to  inspect),  a  note  was  appended  by  M.  Hagenbach 
himself  to  the  experiment  No.  4  in  the  accompanying  Table,  saying 
that  the  figures  were  somewhat  uncertain ;  and  he  himself  could  not 
help  thinking  that  in  these  experiments  there  had  not  been  the  same 
scrupulous  attention  to  details,  as  had  been  given  by  Dr.  Hopkinson 
and  Mr.  Gray.  Still  they  were  extremely  valuable,  and  they  bore 
out  in  a  great  measure  the  results  of  Mr.  Gray's  experiments  upon  a 
similar  machine. 

It  should  be  borne  in  mind  that  M.  Hagenbach's  experiments,  as 
well  as  those  of  Dr.  Hopkinson  find  Mr.  Gray,  simply  bore  upon  the 
question  of  the  efficiency  of  magneto-electric  machines,  not  upon  the 
transmission  of  power.  With  regard  to  the  question  of  transmission 
of  power,  some  experiments,  carried  out  under  the  direction  of 
Dr.  Siemens,  and  mentioned  in  a  paper  by  Messrs.  Higgs  and 
Brittle  (Proc.  Inst.  C.E.,  vol.  lii.,  p.  53),  showed,  as  Dr.  Siemens  had 
repeatedly  stated,  that  there  was  practically  a  loss  of  about  50  per 
cent,  in  efficiency  between  the  power  imparted  in  the  original  motor, 
and  that  taken  out  from  the  second  machine.  This  loss  was 
caused  by  a  counter  current  generated  by  the  second  machine,  and 
subtractive  from  the  efficiency  of  the  first  one.  He  had  recently 
had  the  opportunity  of  making  some  experiments  himself  in  reference 
to  transmitted  power.  Though  not  complete,  they  were  sufficient  to 
enable  him  to  suggest  whether  it  might  not  be  possible,  by  a  certain 
arrangement  between  the  proportions  of  the  machines  themselves  and 
the  speed  at  which  they  wTere  driven,  to  reduce  somewhat  that 
percentage  of  loss.  It  was  a  very  important  question,  whether  a 
large  loss  like  that  could  not  be  reduced  in  practice.  Even  with 
that  loss  there  were  certain  applications  in  the  industrial  arts  in 
which  transmitted  motion  might  be  useful.  There  were  in  the  first 
place  large  natural  sources  of  power,  which  at  present  were  useless, 
but  which  might  be  made  use  of  in  this  way,  The  power  cost 
nothing  at  the  original  site,  and  if  it  could  be  transmitted  at  a 
comparatively  economical  rate  for  use,  it  would  prove  exceedingly 
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valuable.  For  instance,  a  letter  from  Sir  William  Armstrong  had 
appeared  in  The  Engineer  (21  Jan.  1881,  page  49),  with  reference 
to  some  Swan  electric  lights  which  he  had  put  up  at  his  house  at 
Eothbury.  The  power  for  those  lights  was  taken  from  a  brook  at  a 
distance  of  about  three-quarters  of  a  mile,  and  occasionally  during 
the  day  the  power  transmitted  was  made  use  of  for  working  a  saw- 
bench,  &c.  In  the  next  place,  in  the  case  of  large  works,  the  central 
source  of  power  might  be  made  use  of  in  out-of-the-way  parts,  where 
it  would  be  difficult  and  perhaps  expensive  to  locate  a  separate 
engine.  Again,  in  cases  where  running  power  existed,  such  as  over- 
head travelling  cranes,  the  moving  parts  and  the  connections  might 
be  considerably  simplified  and  more  economically  constructed,  where 
electricity  was  supplied.  Electric  motors  were  found  to  be  more 
compact  and  economical  than  either  steam  or  hydraulic  motors. 

With  regard  to  locomotion  caused  by  power  transmitted  by 
electricity,  Dr.  Siemens  (Proc.  Society  of  Telegraph  Engineers,  1880, 
p.  301),  when  speaking  of  the  electric  railway  at  Berlin,  had  referred 
to  the  peculiar  effect  at  the  ascending  or  descending  inclines.  Now 
when  the  driven  machine  was  either  under-weighted  or  over- weighted, 
the  effect  was  very  similar  to  that  at  a  descending  or  ascending 
incline,  although  the  motor  was  stationary.  He  believed  that  this 
form  of  transmission  by  electricity  might,  under  certain  circumstances, 
receive  very  considerable  extension.  M.  Achard  had  clearly  pointed 
out  the  experiments  that  were  required  in  order  to  give  more 
information  on  this  subject ;  and  to  these  should  be  added  the  study 
of  the  best  arrangement  of  machines,  by  which  the  present  very  large 
loss  might  be  materially  reduced. 

Questions  were  so  often  asked  as  to  any  examples  existing  of  the 
transmission  of  power  by  electricity,  that  it  might  be  interesting  to 
describe  briefly  what  at  present  were  probably  the  two  most  important 
examples  of  such  transmission.  One  was  the  electric  railway,  first 
shown  at  the  Exhibition  at  Berlin  in  1879,  by  Dr.  Werner  Siemens, 
and  afterwards  at  those  in  1880  at  Diisseldorf  and  Brussels. 
The  machines  for  the  Siemens  railway  were  simply  two  equal 
machines,  of  their  "medium"  size.  One  was  stationary  and  the  other 
was  driven  by  it,  and  was   mounted   on  wheels.      The   stationary 
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machine  transmitted  the  current  in  the  first  instance  along  a  central 
rail  laid  on  the  railway,  and  from  thence  to  the  travelling  machine. 
The  motion  of  this  machine  was  communicated  to  a  pair  of  wheels 
which  acted  as  driving  wheels,  and  the  return  current  took  place 
through  the  ordinary  rails.  The  arrangement  was  found,  he  believed, 
to  develop  in  the  motor  about  4  or  5  HP.,  and  the  power  given  oft* 
in  the  travelling  machine  was  estimated  at  2  HP.,  or  a  little  over. 
As  to  the  power  of  tho  engine  which  worked  the  motor,  he  had  no 
information.  There  were  three  or  four  cars  drawn  at  Berlin,  and  he 
understood  that  the  speed  was  from  15  to  20  miles  an  hour. 

The  other  example  was  at  M.  Menier's  chocolate  works  at  Noisiel, 
which  were  visited  by  the  members  in  1878  on  the  occasion  of  the 
Paris  meeting  of  the  Institution.  Since  then  M.  Menier  had  been 
making  use  of  the  turbines,  which  gave  him  power  from  the  river 
Marne  for  his  works,  to  drive  a  pair  of  Gramme  machines  of  a 
peculiar  construction,  and  had  applied  the  reproduction  of  the  power 
for  the  purposes  of  ploughing.  He  had  made  use  of  two  of  Fowler's 
ploughs,  at  a  distance  in  some  cases  of  nearly  three  miles  ;  placing 
a  similar  machine  to  the  generators  on  each  of  two  carriages,  which 
took  the  place  of  the  steam  engines  for  working  the  plough.  M. 
Gramme  himself  had  constructed  a  machine  especially  for  the 
purpose.  It  was  practically  a  quadruple  machine  ;  there  were  four 
pairs  of  poles  and  four  brushes.  The  arrangement  was  very  compact, 
and  he  understood  that  as  much  as  16  or  18  HP.  was  given  off  by  the 
initial  machine.  M.  Henri  Menier  had  had  charge  of  the  experiments 
on  transmission  of  power  by  that  machine  at  Noisiel,  and  probably 
they  would  shortly  have  the  benefit  of  them.  In  the  United  Kingdom 
there  were,  he  believed,  but  two  minor  examples:  one  at  Messrs. 
Poynter's  chemical  works,  Greenock,  where  a  turbine  was  used  to 
drive  the  first  machine ;  and  the  second  at  Sir  William  Armstrong's 
private  house,  to  which  he  had  previously  made  reference.  That  was 
likewise  driven  by  a  turbine,  taking  water  from  a  brook.  In  both 
cases  the  machines  were  by  Siemens. 

Mr.  Alexander  Siemens  thought  that  the  author  of  the  paper 
and  Mr.  Shoolbred  attached  far  too  much  value  to  the  question  of 
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efficiency,  both  in  the  electric  transmissions  and  in  compressed- 
air  transmission.  It  would  be  practicable  in  this  way  to  use  tbe 
great  forces  of  nature,  sucb  as  water-falls  :  to  establish  a  sort  of 
central  station,  and  to  distribute  the  power  from  thence  to  small 
motors  at  different  points,  either  by  hydraulic  power,  or  by 
compressed  air,  or  by  electricity.  In  such  cases  the  distribution 
of  power  would  be  useful,  even  with  a  loss  of  50  per  cent,  or 
more,  because  at  the  central  station  the  power  could  be  obtained  so 
cheaply.  The  transmission  of  power  by  electricity  had  a  great 
advantage  over  the  other  two  methods  mentioned,  because  the  leading 
wires  were  so  much  more  manageable  than  either  water  pipes  or  air 
pipes.  Sir  "William  Armstrong  had  employed  a  Siemens  medium 
sized  machine  in  his  works,  and  at  his  house  he  had  been  employing 
a  small  sized  machine  for  several  years  and  for  several  purposes ; 
both  these  worked  well.  Dr.  Siemens  had  also  lately  introduced, 
at  his  house  at  Tunbridge  Wells,  a  small  Tangye  engine,  working 
two  electric-light  machines,  which  were  utilised  at  night  for 
horticultural  purposes,  and  in  the  daytime  for  cutting  hay  or  turnips 
by  transmitting  their  current  to  a  dynamo-machine  at  the  farm. 
There  was  also  another  dynamo-machine  for  pumping  water  to  the 
house.  Such  applications  were  perfectly  feasible,  and  they  ought  to 
be  better  known.  It  would  be  a  great  thing  to  establish  in  populous 
districts  a  central  station,  where  an  economical  steam  engine 
could  be  put  up,  from  whence  to  distribute  the  power.  He  had  no 
doubt  that  very  soon  this  w-ould  be  put  into  practice. 

With  regard  to  the  experiments  suggested  by  M.  Achard  (p.  85) 
to  determine  "  the  efficiency  K  of  the  principal  kinds  of  generators," 
that  work  had  already  been  done  partly  by  M.  Hagenbach  and 
partly  by  Dr.  Hopkinson.  As  to  "the  determination  of  the 
efficiency  Kx  of  the  same  machines  working  as  motors,"  that  had 
also  been  done  by  different  experimentalists.  The  author  wras  of 
opinion  "that  experiments  made  with  these  objects  in  view  would 
be  more  useful  than  those  conducted  for  determining  the  general 
efficiency  of  transmission  ;  for  the  latter  give  results  only  available 
under  precisely  similar  conditions."  But  those  "  precisely  similar 
conditions"  were   easily    obtained,  because   in  the  case  of  electric 
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transmission  the  leading  wire  between  the  machines  could  be 
given  the  same  resistance,  whether  the  distance  was  a  mile  or 
three-quarters.  If  the  proper  speed  for  the  two  machines  was 
once  determined,  the  same  results  could  always  be  obtained  by- 
inserting  the  same  amount  of  resistance  between  them.  He  thought 
therefore  that  the  application  of  the  transmission  of  power  by 
electricity  was  at  the  present  time  hampered  more  by  prejudice 
than  by  a  want  of  knowledge  on  the  part  of  its  promoters. 

Mr.  J.  Fernie,  having  lived  a  short  time  in  Geneva,  might  be 
permitted  to  say  that  it  was  a  great  misfortune  the  writer  of  the  paper 
was  not  present,  because  he  might  have  given  them  some  information 
as  to  the   practical  application  of  water-power  at  Geneva  for   the 
purposes  described.     It  was  a  very  extraordinary  thing  that  with  the 
immense  resources  running  to  waste  at  Bellegarde,  and    with   the 
machinery  erected  to  take  advantage  of  them,  people  would  not  go 
and  settle  down  there.     It  had  been  suggested  to  him  that  the  reason 
lay  in  the  fact  that  there  were  no  amusements  for  the  workpeople  at 
Bellegarde,  and  so  nothing  to  induce  them  to  settle  there.     Turbines 
had  been  erected,  and  everything  made  ready  for  a  large  population 
and  for  great  manufactures  to  be  established,  but  the  people  were 
slow  in  going  there,  and  the  money  seemed  to  be  wasted.     In  some 
large   towns  in  Switzerland   however,  great   advantage  was   being- 
taken  of  water  power,  such  as  Englishmen  had  no  idea  of.  Those  who 
saw  how  conveniently  and  economically  small  machines  were  worked 
in  that  way  would  be  surprised  that  something  of  the  kind  had  not 
been  done  in  England.     In  Geneva  a  company  was  formed  which 
took  advantage  of  the  great  fall  of  water  in  the  Bhone.     They  had 
the  water  at  high  pressure,  and  let  it  out  on  hire  ;  and  all  the  little 
manufactories,  such  as  watch  manufactories,  in  Geneva,  were  supplied 
with  power  from  that  source.     It  was  uncommonly  cheap,  and  very 
regular,  and  there  was  no  trouble  about  steam  engines,  boilers,  &c. 
The  man  who  came  to  cut  wood  for  the  house  used  in  old  times  to 
bring  a  saw  and  trestles  with  him ;  but  now  he  brought  only  a  little 
hydraulic  machine,  which  he  connected  to  a  pipe  in  the  street,  and 
sawed  the  wood  in  that  way. 
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The  resources  in  the  way  of  water-power  in  Switzerland  were 
immense,  if  they  could  only  be  used.  During  the  time  he  resided  in 
Geneva  another  company  was  formed  to  take  the  water  of  the  Rhone 
as  it  left  the  Lake  of  Geneva,  and  carry  it  to  a  series  of  turbines,  and 
so  utilise  the  fall  from  the  point  where  the  river  left  the  lake,  to 
where  it  joined  the  Arve,  a  distance  of  three-quarters  of  a  mile  with  a 
fall  of  25  or  30  feet.  Considering  the  enormous  volume  of  the  Ehonc, 
it  was  easy  to  see  what  an  immense  power  might  be  thus  obtained ; 
but  the  Genevese  people  were  in  great  fear  that  the  beauty  of  their 
city  would  be  destroyed ;  they  therefore  protested  against  the  scheme, 
and  it  came  to  an  end. 

He  wished  to  ask  whether  steel  had  not  been  employed  for  the 
wire  ropes,  which  were  common  all  over  Switzerland,  as  the  author 
mentioned  iron  only;  and  it  would  be  interesting  to  know  the 
difference  in  the  wear  and  tear  between  iron  and  steel.  In  connection 
with  the  transmission  of  power  by  means  of  wire  ropes,  he  might 
mention  that  the  Institution  of  Civil  Engineers  possessed  an  excellent 
set  of  photographs  illustrating  all  the  work  of  that  kind  which  had 
been  done  in  Switzerland  :  so  that  those  who  had  not  had  the 
opportunity  of  examining  that  mode  of  conveying  power  might  here 
see  it  well  illustrated. 

Mr.  W.  Schonheyder  said  the  author  had  alluded  (page  60)  to  the 
great  advantage  which  leather  belts  possessed  if  they  were  made  very 
wide — say  three  or  four  or  five  feet — because  a  partial  vacuum  was 
said  to  be  formed  under  them,  so  that  the  adhesion  was  much  greater 
than  would  be  expected  according  to  theory.  He  should  like  to  know 
how  the  author  had  ascertained  that :  whether  it  had  been  tried,  or 
whether  it  was  only  an  assumption.  It  appeared  to  him  more  likely 
that  the  air  would  have  a  difficulty  in  getting  away  from  between 
the  pulley  and  belt  on  the  in-going  side.  The  wider  the  belt,  the  more 
difficult  it  appeared  to  him  to  be  for  the  air  to  get  out  sideways :  so 
that  the  air  might  rather  be  expected  to  accumulate,  than  to  get  away 
altogether  in  the  way  stated  by  the  author.  There  was  one  point 
which  the  author  had  omitted  to  mention — the  centrifugal  force  of 
the  belt  at  very  high  velocities.     He  could  not  now  say  whether,  with 
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the  velocities  mentioned  of  4000  to  G000  feet  per  minute,  the 
centrifugal  force  was  enough  to  lessen  the  adhesion  materially ;  but 
with  very  high  velocities  the  belt  tended  to  leave  the  pulley,  and  so 
made  the  adhesion  less.  At  page  62  the  author,  speaking  of  wire-rope 
transmission,  stated  that  the  intermediate  pulleys  ran  faster  than  the 
rope.  That  meant  that  slipping  took  place  ;  and  be  supposed  it  was 
partly  on  account  of  that  slipping  (which  ought  not  to  take  place) 
that  wire  ropes  wore  out  so  fast.  It  seemed  monstrous  to  think  that 
wire  ropes  should  only  be  in  use  twelve  months,  or  at  most  two 
years.  He  should  like  to  know  whether  that  was  due  to  too  high  a 
working  strain  being  allowed.  The  author  mentioned  11  tons  per 
sq.  in.,  but  did  not  say  why  he  had  adopted  that  figure.  It  appeared 
to  him  that  if  the  ropes  only  lasted  twelve  months  something  must 
be  wrong :  either  they  were  too  tight,  or  too  high  a  tension  was 
allowed  per  square  inch  of  section.  Possibly  heavier  ropes  would 
last  much  longer.  The  expense  of  renewing  them  every  twelve 
months  must  be  very  serious. 

At  page  67,  speaking  of  the  transmission  of  power  by  the  Seraing 
air-compressor,  the  author  stated,  "  The  great  defect  of  this  apparatus 
is  the  loss  of  power  resulting  from  the  alternating  movement  imparted 
to  a  large  body  of  water."  That  seemed  to  him  an  error.  Power 
was  not  lost  by  imparting  reciprocating  motion  to  water.  Great  force 
was  required  to  start  it  or  stop  it,  which  however  might  be  of  advantage 
if  driving  by  steam  worked  expansively  ;  for  it  helped  to  take  off  the 
excessive  pressure  of  steam  at  the  beginning  of  the  stroke,  and  gave 
a  higher  pressure  at  the  end  of  the  stroke,  so  that  it  acted  as  a  kind 
of  fly-wheel.  Of  course  that  class  of  air-compressors  could  not  be 
worked  as  fast  as  one  of  the  simple  piston  compressors.  If  it  were, 
the  water  got  into  a  state  of  agitation,  and  did  not  drive  away  all  air 
through  the  ports ;  but  he  thought  it  was  an  error  to  say  that  power 
was  lost  by  reciprocating  water. 

At  page  78  a  Table  was  given  with  regard  to  the  friction  in  pipes 
at  very  high  pressures.  That  was  a  new  subject,  which  had  not  yet 
been  investigated  to  anything  like  the  proper  extent.  If  this  Table 
could  be  relied  upon,  it  appeared  that  the  friction  due  to  high 
pressures  was  something  like  three  or  five  times  as  great  as  might 
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be  expected.  From  calculations  lie  had  recently  made,  when  consulted 
about  some  heavy  presses  for  pressing  cotton  by  other  means  than 
hydraulic  pressure,  he  was  inclined  to  believe  that  was  not  so.  He 
had  indeed  been  told  by  a  gentleman  who  had  worked  with  hydraulic 
presses  very  largely  in  India,  that  the  loss  of  pressure  in  hydraulic 
pipes  was  enormous.  He  could  not  believe  the  statement  in  the 
Table,  p.  78,  that  the  friction  increased  so  much  at  a  pressure  of  only 
52  atmospheres,  say  800  lbs.  per  sq.  in. ;  but  if  so,  how  much  must 
the  friction  have  increased  in  the  case  to  which  he  referred,  where  the 
pressure  was  perhaps  two  or  three  tons  per  square  inch  ?  He  thought 
it  would  be  well  if  some  experiments  could  be  made  upon  friction  in 
hydraulic  pipes,  so  that  the  question  might  be  solved. 

A  friend  had  called  his  attention  to  the  absence  of  any  mention 
in  the  paper  of  another  mode  of  transmitting  power,  namely  by  steam, 
It  was  used  in  this  country,*  but  not  for  transmission  to  any  distance. 
He  understood  however  that  it  had  been  used  to  a  large  extent  in 
Hartford,  Connecticut,  where  steam  had  been  carried  as  far  as  a  mile 
with  good  results.  He  was  sorry  that  he  could  not  give  the 
particulars.! 

*  At  Kippax  Colliery,  near  Leeds,  steam  was  conveyed  1030  feet  from  a 
boiler  at  surface  to  work  an  elevator  in  the  pit.  (See  Proceedings  Inst.  M.  E. 
1861,  p.  220.) 

f  On  tins  bead  the  following  information  bas  been  supplied  to  tbe  Secretary 
by  Mr.  H.  Olrick  : — "  In  the  United  States  great  interest  is  taken  in  the  subject 
of  the  transmission  of  heat_and  power  to  the  inhabitants  of  cities,  by  means  of 
steam  and  highly  heated  water  carried  through  pipes  in  the  streets,  and  supplied 
to  the  houses  and  buildings  in  much  the  same  way  as  water  and  gas  are 
ordinarily  supplied.  Mr.  Holley,  the  inventor  of  the  high-pressure  pumping 
system,  was  the  first  to  make  the  experiment  with  steam  in  his  native  town  of 
Lockport,  New  York,  and  he  has  laid  down  plant  in  several  cities,  supplying 
steam  for  heating  purposes  and  for  machines  of  small  power.  The  most 
successful  steam  system  however  was  put  down  at  Hartford,  Connecticut,  by 
Mr.  Burdett  Loomis.  This  system  occupies  a  mile  and  a  half  of  piping,  and 
supplies  sufficient  steam  to  heat  6,000,000  cubic  feet  of  room  space,  or  to 
supply  about  150  HP.  nominal.  He  informs  me  that  with  70  lbs.  boiler 
pressure,  the  pressure  is  reduced  only  2  lbs.  at  a  mile  from  the  boilers  ;  which  at 
all  events  shows  that  his  system  of  covering  tbe  pipes  is  very  successful.     This 


Jan.  1881.  TRANSMISSION    OF   POWER.  97 

Mr.  J.  Gr.  Mair  said  it  was  stated,  p.  60,  that  the  vacuum  between 
the  belt  and.  the  pulley  was  produced  "  by  the  aid  of  an  adequate 
velocity."  He  should  be  obliged  if  the  author  would  state  precisely 
what  was  meant  by  that  term,  since  at  whatever  speed  the  belt  ran 
he  could  not  see  how  a  vacuum  could  exist.  In  reference  to  Mr. 
Schonheyder's  remarks  about  belting,  the  calculations  in  the  paper  as 
to  the  running  ropes  were  based  on  their  being  stationary.  The 
centrifugal  force,  which  had  such  an  important  influence  when  they 
were  running,  was  not  taken  into  account.     The  author  had  stated 


is  done  simply  by  means  of  creosoted  logs,  bored  out  "so  as  to  allow  a  2  in.  air-space 
to  be  maintained  all  round  the  wrought-iron  pipes  carrying  tbe  steam.  These 
logs  are  driven  one  'within  the  other  at  the  ends,  so  that  a  perfectly  tight 
joint  is  made  and  no  air  allowed  to  circulate  in  them  ;  and  it  appears  tbat  this 
mode  of  covering  is  superior  to  any  asbestos,  hair,  or  felt  covering  which  has  been 
used  up  to  the  present  time.  At  distances  of  about  100  feet  are  placed  expansion 
joints,  contained  in  man-holes  which  are  also  kept  air-tight,  but  which  can  be 
opened  for  examining  or  tightening  up  the  joints.  All  the  condensed  water 
is  taken  back  to  the  boilers  through  a  return  pipe,  laid  alongside  the  steam 
pipe  and  covered  in  a  similar  manner,  the  water  being  trapped  into  this  pipe 
from  each  building.  This  is  a  very  important  improvement,  since  it  saves 
not  only  the  heat  of  the  return  water  but  also  the  water  itself,  which,  in  towns 
remote  from  natural  water  supply,  means  a  very  important  item  in  the  running 
expenses. 

"  The  hot  water  system  alluded  to  is  the  invention  of  Mr.  W.  E.  Prall  of  New 
York,  and  consists  in  employing  water  heated  to  a  high  temperature,  say  about 
400°  Fahr.,  which  is  not  allowed  to  evaporate  into  steam  until  it  enters  tbe 
building  where  it  is  to  be  used.  At  times  when  very  little  is  being  used,  but 
that  little  still  at  a  high  temperature,  as  for  cooking  purposes,  the  flow  of  water 
is  kept  up  by  means  of  specially  designed  pumps,  which  maintain  a  continual 
circulation.  This  system  is  now  being  laid  down  in  New  York  city.  The  late 
Mr.  Max  Hjortsberg  of  Chicago,  chief  engineer  to  the  Chicago  Burlington  and 
Quincy  Eailway,  also  put  down  about  a  mile  of  2J  in.  pipe  on  this  plan,  with  a 
result  so  satisfactory  to  himself  that  he  declared  in  favour  of  water  as  against 
steam.  The  temperature  of  the  -water  at  the  end  of  the  mile  was  only  2  degrees 
less  than  at  the  boiler,  working  at  about  160  lbs.  pressure.  The  water  was 
conveyed  to  a  factory,  where,  after  the  pressure  had  been  reduced,  the  steam 
evolved  was  used  for  driving  an  engine,  and  the  unevaporated  water  for  heating 
the  rooms,  returning  afterwards  to  the  boiler  for  further  use.'' 

N 
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on  p.  80,  "Iii  compressed-aii  machines  the  losses  of  pressure  due  to 
incomplete  expansion,  cooling,  and  waste  spaces,  play  an  important 
part.  In  water-pressure  machines  loss  does  not  occur  from  these 
causes."  Ho  disagreed  with  this  as  to  the  waste  spaces ;  if  these 
could  be  done  away  with  in  engines  worked  by  water-power,  they 
would  have  more  efficient  machines  than  at  present. 

Mr.  W.  E.  Eich  said  he  observed  no  remark  in  the  paper  upon 
the  best  pressure  to  use,  in  machinery  for  the  transmission  of  power 
by  compressed  air.  He  believed  he  was  right  in  saying  that  the 
experience  of  most  engineers  who  had  used  compressed  air,  and  had 
looked  into  the  question  carefully,  was  that,  if  the  size  of  the  pipes 
and  air  engines  was  not  a  serious  hindrance,  low  pressures  were  most 
efficient.  It  was  natural  that  it  should  be  so.  If  they  used  dry  air 
compressors,  and  did  not  attempt  to  cool  the  air  as  it  was  compressed, 
about  30  lbs.  per  sq.  in.  was  a  good  pressure  to  use  for  works  on  the 
surface  of  the  ground.  The  efficiency  of  air-compressing  machinery 
working  continuously,  so  far  as  he  had  tested  it,  was  low  :  and  it  was 
much  more  applicable  to  intermittent  action  than  to  continuous  action. 
The  ports  of  air  engines  were  very  liable  to  become  choked  by 
ice  if  they  were  kept  running  constantly.  He  had  removed  the 
inconvenience  in  one  instance  by  putting  a  small  fire  under  the 
ports ;  but  had  heard  recently  that  glycerine  used  as  a  cylinder 
lubricant  was  an  antidote,  as  it  prevented  the  adhesion  of  ice  to  the 
metal  surfaces.  The  author  had  given  some  experiments  in  reference 
to  the  loss  by  friction  in  air  pipes,  which  were  very  welcome  to 
engineers,  for  there  was  very  little  information  in  the  way  of 
practical  experiment  upon  the  subject. 

With  reference  to  the  question  of  water  engines,  he  thought  it  was 
pertinent  to  remark  upon  the  great  inconvenience  and  difficulty  in 
working  with  slide-valves  in  water  engines.  The  slide-valve  was  the 
part  of  a  water  engine  that  usually  gave  the  most  trouble.  In  the 
first  place,  if  they  expected  an  engine  to  work  occasionally  and  to 
stand  occasionally,  it  was  necessary  to  make  both  the  valve-face  and  the 
valve  of  gun-metal ;  and  a  gun-metal  valve  working  on  a  gun-metal 
face  in  water  was  one  of  the  most  likely  combinations  for  setting  up 
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abnormal  friction.  They  bad  better  content  themselves  with  a  cast- 
iron  face  and  a  gun-metal  valve,  and  balance  the  pressure  on  the  face 
of  the  valve.  In  many  cases  it  was  better  to  have  a  cylindrical  valve, 
and  to  put  up  with  some  waste.  A  water  engine  to  give  the  best 
results  should  be  designed  with  a  long  stroke,  large  cylinder  capacity, 
and  low  speed  in  revolutions  or  strokes  per  minute.  A  large  air- 
vessel  should  always  be  provided  close  to  the  engine  on  the  supply 
pipe,  and  the  cylinder  should  have  a  small  air-vessel  in  connection 
with  each  end. 

Mr.  A.  Paget  said  that,  as  M.  Ac-hard  had  been  prevented  from 
being  present  owing  to  family  affliction,  no  doubt  the  members  would 
excuse  a  departure  from  the  usual  procedure,  to  allow  M.  Achard  to 
give  an  answer  in  the  Proceedings  on  this  and  other  points.  He 
fully  shared  in  Mr.  Schonheyder's  and  Mr.  Mair's  difficulty  as  to  the 
vacuum  under  the  belt ;  the  real  effect  of  great  speed  appeared  to  him 
to  be  the  exact  contrary  of  what  had  been  stated. 

Mr.  E.  B.  Ellington  said  a  remark  had  been  made  by  a  previous 
speaker  that  it  was  a  wonder  there  were  no  systems  of  transmitting 
power  for  public  use  in  England.  He  wished  to  say  that  such  a 
system  had  been  in  operation  in  Hull  for  the  last  three  or  four  years, 
on  the  principle  of  using  hydraulic  power,  transmitted  through  mains 
laid  along  the  streets,  and  distributed  by  branch  pipes  as  required 
(see  a  paper  by  Mr.  Henry  Robinson,  Proc.  Inst.  C.E.,  vol.  xlix.  p.  1, 
and  also  the  Transactions  of  the  Liverpool  Engineering  Society, 
vol.  i.). 

The  President  was  sorry  that  the  author  was  not  present  to  reply 
to  the  several  questions  that  had  been  asked,  and  also  to  defend  some 
of  the  statements  he  had  made ;  but  the  report  should  be  sent  to  him, 
and  he  would  be  able  to  insert  his  reply  in  the  Proceedings.  On 
some  points  the  paper  was  perhaps  not  as  full  as  it  might  have  been. 
There  were  omissions,  for  instance,  in  reference  to  the  application  of 
hydraulic  power  at  Hull,  and  also  in  reference  to  the  conveyance  of 
power  through  long  distances  for  pumping,  by  means  of  flat-rods,  as 

n  2 
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in  Cornwall.*  Something  also  might  bo  said  as  to  the  use  of  steel 
ropes.  The  author  had  spoken  of  nothing  but  iron  wire,  whereas 
light  bard-drawn  steel  wire  was  no  doubt  much  better.  He  proposed 
a  vote  of  thanks  to  M.  Achard  for  his  paper,  which  was  carried 
unanimously. 

M.  Achard,  replying  by  letter  to  the  remarks  made  in  the 
discussion  upon  the  paper,  explained  that  the  failure  of  the  attempts 
to  supply  motive  power  at  Bellegarde  and  Fribourg  was  due  to  their 
lacking  the  most  important  conditions  of  successful  working  :  the 
mere  fact  of  having  cheap  power  available  not  being  enough  to  make 
up  for  the  deficiency  of  those  conditions.  The  suggestion  referred  to 
by  Mr.  Fernie  by  no  means  met  the  case.  Wherever  a  working 
population  congregated,  amusements  suitable  for  their  entertainment 
would  be  sure  to  follow  fast  enough  of  their  own  accord ;  their 
absence  was  the  effect,  not  the  cause,  of  dearth  of  workpeople. 

The  doubt  he  had  expressed  at  the  outset  of  the  paper  (p.  57), 
as  to  the  attainment  of  practical  success  in  large  undertakings  for 
distributing  power  to  a  number  of  factories,  was  confirmed  by  the 
experience  gained  at  Schaffhausen ;  notwithstanding  that  there  the 
circumstances  were  much  more  favourable  than  at  either  Fribourg 

*  This  method  was  adopted  on  a  very  large  scale,  in  the  ease  of  the  old 
"Wheal  Friendship  Mine  at  Marytavy  in  Devonshire,  for  the  transmission  of 
power  from  large  overshot  water-wheels  to  pumps  fixed  in  the  shaft  of  the 
mine,  at  a  considerable  distance  higher  up  the  valley.  The  largest  water-wheel 
was  52  feet  diameter  and  12  feet  breast,  and  its  ordinary  speed  of  working  was 
5  revolutions  per  minute.  The  length  of  stroke  given  by  the  crank  to  the 
horizontal  or  "fiat*'  rods  was  8  feet;  the  rods  were  round  wrought-iron,  3^  inches 
diameter,  and  were  carried  on  cast-iron  pulleys.  These  particulars  have  been 
furnished  by  the  kindness  of  Mr.  Eichard  Taylor,  who  states  that  in  the  instances 
he  has  known  of  the  use  of  fiat-rods  in  Cornwall  the  amount  of  j)ower  conveyed 
was  much  smaller,  the  rods  being  of  2-inch  round  iron. 

At  Devon  Great  Consols,  near  Tavistock,  there  are  altogether  very  nearly 
3  miles  of  3-inch  wrought-iron  rods,  carried  on  bobs,  pulleys,  and  stands,  whereby 
power  for  pumping  and  winding  is  conveyed  along  the  surface  to  different  parts 
of  these  extensive  mines,  from  eleven  large  water-wheels  ranging  up  to  50  feet 
'diameter,  to  which  water  is  brought  along  8^  miles  of  leats  of  18  feet  width. 
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or  Bellegarde.  Schaffhausen  possessed  an  industrious  population 
accustomed  to  labour,  and  the  power  supplied  from  the  Ehine  by  the 
works  erected  for  that  purpose  was  readily  taken  up.  Moreover  the 
founder  of  the  enterprise,  the  late  M.  Henri  Moser,  had  presented 
a  large  part  of  the  requisite  capital  as  a  free  gift,  so  that  the 
amount  paying  dividend  was  only  about  £32,000.  In  spite  of  these 
advantages,  and  of  excellent  management,  the  concern  bad  never  paid 
more  than  2  or  3  per  cent,  on  its  share  capital ;  and  in  some  years, 
owing  mainly  to  heavy  repairs,  there  had  been  no  dividend  at  all. 
At  Zuricb,  which  again  was  essentially  a  manufacturing  town,  the 
municipality  had  for  some  years  past  distributed,  by  means  of  ropes, 
power  obtained  from  the  river  Limmat  as  it  flowed  out  of  the  lake ; 
but  he  was  informed  on  good  authority  that  this  undertaking  had 
been  a  very  costly  one,  and  was  bringing  in  very  small  profits. 
These  two  examples  therefore  were  not  very  encouraging. 

Turning  to  Geneva,  the  conditions  were  far  from  being  so  favourable 
as  they  were  at  either  Zurich  or  Schaffhausen.  Manufacturers  were 
less  enterprising  there  ;  wages  were  high  ;  and  the  workpeople  were 
used  to  light  handicrafts  requiring  taste  and  accuracy,  and  were  not 
of  the  class  needed  for  heavy  trades.  At  the  present  time  there  were 
many  owners  of  water-wheels  along  the  banks  of  the  Rhone  who 
could  find  no  one  to  rent  the  power  they  had  to  let. 

The  water-pressure  at  present  let  out  in  Geneva  for  working 
small  machines  in  houses  and  shops  was  not  supplied  by  any  private 
company,  as  Mr.  Fernie  had  stated,  but  by  the  town  itself  through 
the  ordinary  water  mains  ;  the  pressure  was  only  4^  atm.  (67  lbs- 
per  sq.  in.)  at  the  outside.  It  would  be  advantageous  if  this 
department  of  the  water  supply  to  the  town  could  be  extended ; 
since  at  Geneva  almost  the  only  way  of  effecting  a  useful  distribution 
of  power  was  by  multiplying  small  ramifications  or  subdivisions. 

With  reference  to  the  project  mooted  some  years  ago  for  utilising 
on  an  extensive  scale  the  current  of  the  Ehone,  where  it  flowed  out 
of  the  lake  of  Geneva,  the  fall  available  from  tbat  point  down  to  the 
confluence  of  the  Arve  was  nothing  like  so  much  as  25  or  30  ft.  In 
the  interest  of  properties  bordering  on  the  lake,  the  outflow  of  the 
Ehone  ought  to  be  so  regulated  as  to  keep  the  flood  waters  down  to  a 
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proper  level ;  and  the  result  would  then  be  an  available  fall  ranging 
from  5  to  7  ft.  only.  Owing  to  the  small  difference  of  level  even  as 
at  present  existing,  the  high  floods  that  occurred  in  the  Arve  had  the 
effect  of  more  or  less  drowning  the  water-wheels  along  the  banks  of 
the  Rhone  above  the  confluence.  Had  the  project  been  carried  into 
effect,  it  would  have  proved  no  eye-sore  to  Geneva ;  and  the  reason 
of  its  falling  through  had  nothing  to  do  with  the  beauty  of  the  city 
or  neighbourhood,  but  was  due  to  a  difference  as  to  terms.  A  further 
attempt  in  the  same  direction  was  in  contemplation ;  but  he  did  not 
know  whether  circumstances  were  now  more  favourable  for  its 
realisation,  and  it  would  be  hard  to  predict  the  result. 

The  statements  given  in  pages  60  and  61  of  the  paper,  respecting 
the  use  of  wide  driving  belts  for  transmitting  large  amounts  of  power, 
were  derived  entirely  from  a  report  drawn  up  by  Here  Max  Eadinger 
for  the  Austrian  Commission  at  the  Philadelphia  Exhibition  in  1876. 
He  must  refer  Mr.  Schonheyder  and  Mr.  Mair  to  that  report  as  his 
authority,  not  having  himself  had  any  opportunity  of  becoming 
acquainted  writh  that  branch  of  the  subject.* 

In  reference  to  the  most  advantageous  pressure  to  employ  in 
machines  worked  by  compressed  air,  it  had  been  mentioned  on 
page  74  of  the  paper  that,  in  the  absence  of  satisfactory  means  for 
reheating  the  expanding  air,  it  was  from  a  low  pressure,  not  exceeding 
i  atmospheres,  that  the  highest  useful  effect  was  obtained.  The 
reasons,  which  would  readily  be  understood,  had  been  fully  entered 
into  in  his  original  articles  in  the  "Annales  des  Mines,"  seventh 
series,  vol.  vi.,  pp.  335-8. 

He  was  surprised  it  should  have  been  thought  by  Mr.  A.  Siemens 
that  too  much  importance  had  been  attached  to  the  question  of 
efficiency.  In  any  general  examination  of  the  transmission  of  power, 
without  reference  to  any  individual  application,  it  seemed  to  him  the 
very  first  consideration  was  that  of  efficiency ;  but  he  had  not  failed 
to  point  out  how  this  consideration  might  itself  be  outweighed  by 
others,  as  soon  as  particular  instances  came  to  be  dealt  with. 

As  to  the  absence  of  loss  from  waste  spaces  in  water-pressure 

*  See  also  Cooper  on  tbe  Use  of  BeltiDg,  p.  53. 
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machines,  as  commented  on  by  Mr.  Mair,  of  course  there  would 
necessarily  be  a  loss  if  the  water  filling  the  waste  spaces  were  allowed 
to  escape  at  each  stroke  of  the  piston ;  but  if  this  water  were 
prevented  from  escaping,  there  would  be  no  loss  of  power,  because 
as  soon  as  ever  the  communication  with  the  pressure  pipe  was 
opened  again,  the  full  pressure  would  be  restored  to  the  water  left 
in  the  waste  spaces. 

Notwithstanding  Mr.  Schunheyder's  remarks  about  water-piston 
air-compressors,  which  however  had  now  almost  fallen  into  disuse,  he 
adhered  to  the  opinion  that  the  alternating  movement  imparted  to  the 
water  at  each  stroke  of  the  piston  was  attended  with  a  loss  of  power. 
There  was  a  distinction  between  power  expended  in  imparting 
velocity  to  the  water,  and  power  expended  in  producing  the  rise  and 
fall  of  the  water-level  in  the  two  upright  chambers  at  the  ends  of  the 
horizontal  cylinder.  The  rise  and  fall  no  doubt  counterbalanced 
each  other  without  any  loss  of  power.  But  the  velocity  imparted  to 
the  water  in  one  direction  in  the  forward  stroke  was  evidently 
incapable  of  serving  to  produce  the  velocity  in  the  contrary  direction 
in  the  return  stroke  ;  it  could  ouly  become  transformed  into  eddies, 
and  ultimately  into  heat,  so  that  the  equivalent  work  was  totally  lost. 
"What  took  place  in  such  compressors  might  be  compared  with  what 
would  occur  in  the  case  of  a  single-acting  pump  delivering  direct 
into  a  water  main  without  the  intervention  of  an  air-vessel :  the 
inertia  of  the  column  of  water  in  the  main  would  then  have  to  be 
overcome  at  every  stroke. 

In  reference  to  the  use  of  steel  wire-ropes  for  the  transmission  of 
power,  he  would  remark  that  steel  was  by  no  means  a  material  of 
uniform  quality.  Whilst  soft  wrought-iron  approached  very  closely 
to  chemically  pure  iron,  steel  contained  more  or  less  of  carbon,  and 
sometimes  of  phosphorus,  and  varied  greatly  both  in  its  chemical 
composition  and  in  its  molecular  structure.  On  this  account  care  had 
to  be  exercised  with  regard  to  many  of  the  applications  that  might 
be  made  of  it ;  this  was  the  case  with  respect  to  its  use  for  the 
construction  of  boilers,  and  the  same  would  be  true  for  wire-ropes. 
At  the  time  of  his  first  taking  up  this  subject,  steel  was  altogether 
out  of  favour  in  Switzerland  for  wire-ropes,  as  used  for  transmitting 
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power ;  but  progress  had  been  made  since  then,  and  steel  wire- 
ropes  were  now  coming  more  and  more  into  use.  The  result  of 
experiments  made  at  Zurich,  as  he  understood  from  Mr.  G.  Navillc, 
of  Messrs.  Escher  Wyss  and  Co.,  was  that  steel  wire-ropes  should  be 
of  the  same  diameter  as  those  of  iron,  and  would  then  last  rather 
longer ;  a  rope  running  continuously  night  and  day  would  last  from 
200  to  250  days  if  of  iron,  and  from  250  to  300  if  of  steel,  thus  about 
compensating  for  the  difference  in  cost.  Moreover  steel  ropes 
stretched  less  in  working  than  iron,  so  that  a  steel  rope  running 
continuously  would  have  to  be  shortened  up  only  once  in  120  days, 
against  twice  in  the  same  time  for  an  iron  rope.  A  letter  from  Mr. 
D.  H.  Ziegler,  of  Messrs.  T.  T.  Eieter  and  Co.,  Winterthur,  expressed 
a  more  decided  preference  for  steel  ropes,  from  the  experience  of 
recent  years ;  and  recommended  particularly  the  Creusot  mild  steel, 
made  especially  for  the  manufacture  of  wire.  It  added  that  the 
pulleys  for  steel  wire-ropes  need  be  no  larger  in  diameter  than  those 
for  iron  ropes. 

With  respect  to  transmission  of  power  by  water  pressure,  as  at 
Hull,  and  by  flat-rods,  as  in  Cornwall,  these  were  methods  peculiar 
to  England ;  and  he  had  therefore  not  thought  it  necessary  to  enter 
into  them  in  a  paper  presented  to  English  engineers,  who  had  so 
much  better  opportunities  than  himself  of  becoming  acquainted  with 
the  particulars. 
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ON  MACHINES  FOE  PRODUCING  COLD  A  IE. 


By  Mr.  T.  B.  LIGHTFOOT,  of  Dartford. 


In  bringing  before  the  Members  of  this  Institution  tbe  following 
paper  upon  tbe  Mechanical  Cooling  of  Air  by  successive  compression, 
cooling,  and  expansion,  the  author,  while  not  pretending  to  give  a 
complete  theoretic  explanation  of  the  various  processes,  considers  it 
necessary  to  premise  his  description  of  the  machines  in  use,  by  a  few 
general  remarks  upon  the  behaviour  of  air  under  such  circumstances. 
The  subject  will  therefore  be  treated  under  the  following  heads  : — 

1.  General  remarks  upon  the  cooling  of  air  by  successive 
compression,  cooling,  and  expansion,  and  upon  the  deposition  of  its 
contained  moisture. 

2.  Short  notice  of  some  machines  which  have  previously  been, 
devised  for  producing  cold  air. 

3.  Description  of  the  machines  designed  by  the  author. 

4.  Eemarks  as  to  the  application  of  such  machinery  to  commercial 
and  other  purposes. 

1.  General  Eemarks  on  the  Cooling  op  Air. 

When  atmospheric  air  is  rapidly  compressed  under  a  piston, 
without  either  loss  or  gain  of  heat  from  without,  it  is  raised 
in  temperature,  mechanical  work  expended  on  the  piston  being 
transferred  to  the  air  in  the  form  of  heat.  If  this  compressed 
and  heated  air,  at  tbat  pressure  and  temperature,  be  then  introduced 
below  another  piston,  and  expanded  without  loss  or  gain  of  heat 
from  without  down  to  its  original  pressure,  it  will  also  resume  its 
original  temperature,  and  will  have  given  back,  while  expanding, 
useful  work  precisely  equal  in  amount  to  that  absorbed  during 
compression.    If  however,  after  compression,  the  air  is  first  cooled, 
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by  allowing  some  of  its  sensible  beat  to  be  absorbed  by  some  cooler 
substance,  and  is  tben  expanded  under  a  piston  to  atmospberic 
pressure,  a  less  amount  of  useful  work  will  be  given  back  tban  in 
tbe  first  case,  and  tbe  air,  after  expansion,  will  be  found  to  occupy 
less  tban  its  original  volume,  and  to  be  colder  tban  its  original 
temperature  by  a  difference  wbicb  is  greater  or  less,  according  as 
tbe  quantity  of  beat  taken  away  before  expansion  is  large  or  small. 

Tbe  operation  just  described  forms  tbe  basis  upon  wbicb  tbe  cold 
air  macbines  to  be  treated  of  in  tins  paper  are  constructed.  In  its 
simplest  form  it  is  sbown  grapbically  in  Fig.  1,  Plate  14,  wbere  A  B 
represents  a  volume  of  atmospberic  air  (considered,  for  tbe  sake  of 
convenience,  as  a  perfect  gas)  at  a  temperature  of  52°  F.  Tbis  air 
is  compressed  under  a  piston  to  tbe  volume  C  D,  according  to  tbe 
adiabatic  curve  B  D.  Tbe  pressure  A  C  above  tbe  atmospberic 
pressure  is  tben,  in  tbe  present  example,  50  lbs.  per  sq.  in.,  or  Go  lbs. 
absolute ;  and  tbe  temperature  is  321°  F.,  giving  a  rise  of  269°  F. 
Now  suppose  tbat,  instead  of  immediately  expanding  tbe  volume  C  D 
of  bot  compressed  air  back  to  atmospberic  pressure,  we  first  abstract 
a  portion  of  its  sensible  beat,  and  so  reduce  its  temperature  to  52°  F. ; 
it  will  tben  be  found  tbat  its  volume  is  also  reduced  to  C  E,  wbere  C  E 
bears  tbe  same  ratio  to  C  D  as  tbe  new  absolute  temperature  bears  to 
tbe  old;  or  (taking  —  461° F.  as  tbe  absolute  zero  of  temperature) 
CE:CD::513:782. 

On  now  expanding  tbe  volume  C  E  to  its  original  atmospberic 
pressure,  tbe  piston  will  be  pusbed  out  only  to  tbe  position  G,  and 
tbe  final  temperature  of  tbe  air  will  be  125°  below  zero  F.  Tbe 
efficiency  of  tbe  operation  is  represented  by 

Volume  swept  through  by  expansion  piston 

. — — j 

Volume  swept  through  by  compression  piston 

and  tbe  area  B  D  E  G  gives  tbe  tbeoretic  mecbanical  force  required 
for  driving  tbe  macbine. 

Tbis  force  will  of  course  be  greater  as  tbe  extent  of  compression 
is  greater ;  but,  on  tbe  otber  band  (assuming  tbe  temperature  of  tbe 
cooling  agent,  wbicb  is  generally  water,  to  be  constant),  tbe  cold 
proeluceel  by  expansion  will  be  correspondingly  greater. 
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Commencing  then  with  the  simple  fact,  that  air  is  heated  by 
compression,  and  is  cooled  to  a  like  amount  by  expansion,  it  next 
becomes  of  importance  to  ascertain  how  far  the  presence  of  water, 
in  the  condition  either  of  steam  or  of  mist  or  of  actual  liquid,  affects 
the  heating  or  cooling  of  air,  and  the  conditions  of  working  any 
given  apparatus:  in  addition  to  its  effect  in  the  formation  of  ice, 
which  is  very  objectionable. 

The  important  fact  to  be  noted  in  this  connection  is  that  air 
at  constant  pressure,  having  free  access  to  water,  will  hold  a  different 
quantity  of  water  in  solution  as  vapour  or  steam,  at  each  different 
temperature  ;  or  conversely,  the  temperature  of  the  "dew  iwht"  for 
any  body  of  air  varies  with  the  quantity  of  water  held  in  solution 
by  it.  The  hotter  the  air,  the  more  water  can  it  hold  without 
depositing  (see  Fig.  2,  Plate  14,  and  Table  appended). 

Thus  if  air  is  highly  heated,  and  water  is  then  admitted  to 
it  in  the  form  of  spray  or  injection,  it  will  take  up  much  more 
water  before  becoming  saturated  tban  it  could  have  held  before 
it  was  thus  heated.  Again,  if  air  under  compression,  and  saturated 
with  vapour,  is  allowed  to  expand,  a  large  quantity  of  its  contained 
vapour  will  condense  and  freeze  into  snow,  thereby  yielding  up  a 
quantity  of  heat  to  the  air,  which  air  is  in  consequence  cooled  less  in 
expanding  than  it  would  have  been,  had  it  been  dry  air  to  start  with. 
This  freezing  is  also  a  serious  practical  evil,  from  the  deposition 
of  ice  about  the  valves  and  in  the  air  passages,  which  necessitates 
frequent  stoppages  even  in  small  machines.  An  appreciation  of 
these  facts  will  render  it  easy  to  understand  the  action  of  the  various 
machines  about  to  be  referred  to,  in  which  much  depends  upon  the 
presence  of  water  in  the  air  at  different  times. 

Various  means  have  been  devised  for  ridding  the  air  more  or  less 
completely  of  its  contained  moisture,  by  employing  some  chemical 
material,  such  as  chloride  of  calcium  or  sulphuric  acid,  which  is 
a  powerful  absorbent  of  water.  But  in  the  author's  opinion  the  use 
of  such  chemicals  as  are  known  to  him  is  inadmissible,  except  perhaps 
for  small  machines  or  for  those  working  under  special  conditions, 
because  of  the  trouble  which  would  be  experienced  in  changing  the 
drying  material,  and  in  evaporating  off  the  water  it  has  absorbed, 
so  as  to  render  it  again  fit  for  use. 
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Before  passing  on  to  the  machines  in  which  the  cooling  takes  place 
by  mechanical  means,  it  will  be  well  to  show  briefly  how  far  the 
theoretic  diagrams  are  modified  in  actual  practice.  In  addition  to  the 
adiabatic  curve  B  D,  Fig.  1,  Plate  14,  is  shown  the  isothermal  curve 
B  E  for  the  compression  of  a  perfect  gas,  from  atmospheric  pressure 
and  52°  F.  temperature,  up  to  G5  lbs.  per  sq.  in.  absolute  pressure.  The 
former  of  these  is  the  curve  which  would  be  produced  if  the  air  could 
be  compressed  instantaneously,  or  without  transmission  of  heat ;  and 
tho  hitter  the  curve  which  would  be  produced  if  it  could  be  compressed 
without  raising  its  temperature  at  all.  The  curves  obtained  in  practice 
of  course  fall  between  the  two  ;  the  nearer  they  approach  the  isothermal 
line  the  better.  The  full  line  B  J  is  a  copy  of  the  actual  compression 
curve,  in  a  diagram  taken  with  a  Richards  indicator  from  the 
compression  cylinder  of  a  machine  made  by  the  author's  firm,  and 
illustrated  in  Figs.  5  to  9,  Plates  15  and  16.  The  initial  temperature 
of  the  air  entering  the  cylinder  was  52°  F. ;  and  it  contained,  as- 
ascertained  with  a  hygrometer,  0 '  007  lb.  of  aqueous  vapour  to  the 
pound  of  mixture,  this  being  about  88  per  cent,  of  saturation  for  the 
observed  temperature.  By  calculation  from  the  volume,  the  temperature 
at  the  end  of  the  stroke  was  267°  F. ;  whereas,  if  the  compression  had 
been  accomplished  adiabatically,  it  would  have  been  321°  F. 

The  air  thus  compressed  is  delivered  to  the  cooling  apparatus, 
consisting  in  this  case,  as  shown  in  Fig.  7,  Plate  16,  of  an  arrangement 
of  small  brass  tubes,  having  cold  water  flowing  through  them.  The 
air,  passing  round  the  outside  of  the  tubes,  is  thus  reduced  in 
temperature  to  within  from  5°  to  10°  of  the  initial  temperature  of 
.  the  cooling  water  ;  and  with  this  abstraction  of  heat,  its  capacity  to 
retain  vapour  being  lessened,  a  portion  of  the  moisture  it  contains 
is  condensed,  and  may  be  collected  and  run  off  if  suitable  means 
be  provided.  In  practice,  with  the  machinery  under  the  conditions 
mentioned  above,  the  air,  if  cooled  to  70°  F.,  may  be  made  to  part 
with  about  one-half  of  its  contained  moisture  at  this  stage. 

In  Fig.  3,  Plate  14,  are  shown  the  adiabatic  and  isothermal  lines 
of  expansion,  E  G  and  E  B  respectively.  The  volume  C  E  is  the  same 
as  the  volume  CD  in  Fig.  1,  corrected  for  reduction  of  temperature 
and  for  deposition  of  vapour.   The  intermediate  full  line  E  N  shows  as 
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before  the  actual  curve  of  expansion  in  an  indicator  diagram  taken 
from  the  machine  shown  in  Figs.  5  to  9.  This  curve,  as  might  be 
expected,  never  falls  to  the  adiabatic  line,  owing  to  gain  of  heat  from 
without,  and  to  the  heat  given  off  in  the  condensation  and  freezing 
of  the  moisture.  In  this  case  the  final  temperature  was  calculated 
at  82°  below  zero  F. ;  whereas  the  temperature  of  the  air  expanded 
adiabatically  would  be  113°  below  zero  F. 

In  the  foregoing  description  no  notice  has  been  taken  of  any- 
special  means  for  causing  any  further  deposition  of  moisture  than 
takes  place  in  the  cooling  apparatus ;  this  point  will  be  treated 
further  on. 

2.  Short  notice   of    some    of   the   Machines   previously   devised 
for  producing  Cold  Air. 

Kirk's  machine*  consists  in  principle  of  a  single  horizontal  cylinder, 
in  which  air  is  compressed  at  one  end  and  expanded  at  the  other. 
The  heat  caused  by  compression  is  partially  carried  off  through  the 
cylinder  cover,  which  is  water-jacketed,  and  the  cold  from  expansion 
is  used  to  abstract  heat  from  a  current  of  brine  or  other  medium, 
circulating  over  the  cover  at  the  expansion  end.  Between  the  two 
ends  is  a  regenerator,  formed  of  several  thicknesses  of  wire  gauze. 
Through  this  both  the  hot  compressed  air  and  the  cold  expanded  air 
pass,  on  their  way  from  one  end  of  the  cylinder  to  the  other ;  so 
that  there  is  a  continual  alternate  compression  and  expansion  of  the 
air,  and  a  continual  heating  and  cooling  of  the  regenerator. 

Mr.  Kirk  has  informed  the  author  that  one  of  his  moist-air 
machines,  in  use  at  Hong  Kong,  produces  regularly  1  ton  of  ice  for  a 
consumption  of  5  cwts.  of  English  coal.  This  performance  will  be 
found  on  calculation  to  indicate  a  very  high  efficiency. 

The  machine  however  hardly  comes  under  the  category  of  those 
described  in  this  paper,  since  the  cooled  air  is  used  only  for  abstracting 
the  heat  from  some  medium  not  in  direct  contact  with  it,  and  cannot 
be  itself  discharged  for  use.     For  this  reason  the  machine  itself  is 

*  Earlier  forms  of  this  machine  are  fully  described  in  a  paper  by  Mr.  Kirk, 
Proc.  Inst.  C.E.,  vol.  xxxvii.,  p.  244. 
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more  economical  than  those  in  which  the  cold  air  is  directly  made 
use  of;  for  the  air,  being  used  over  and  over  again,  assists  in  keeping 
down  the  temperature  of  compression,  and  thus  reduces  the  amount 
of  mechanical  work  required.  It  will  hereafter  he  shown  how  the 
same  principle  may  he  applied  to  other  cold  air  machines. 

The  Giffard  cold  air  machine  consists  of  one  single-acting 
water-jacketed  compression  cylinder,  and  one  single-acting  expansion 
cylinder;  hoth  are  vertical  and  worked  from  cranks  on  an  overhead 
shaft.  The  compressed  air  is  led  from  the  cylinder  bottom  into  the 
cooler,  which  is  merely  a  cluster  of  small  tubes  placed  vertically  in  a 
case.  The  cooling  water  passes  upwards  outside  the  tubes,  and  thence 
goes  to  the  compression-cylinder  jacket ;  the  air  is  admitted  into  a 
casing  below  the  ends  of  the  tubes,  passes  up  through  them,  and  is 
taken  off  from  the  top  to  a  wrought-iron  reservoir.  A  pipe  from  this 
reservoir  supplies  the  air  to  the  expansion-cylinder ;  the  admission 
and  exhaust  being  controlled  by  two  independent  steel  mitre-valves 
in  the  cylinder  bottom,  worked  by  cams  from  the  shaft. 

In  this  machine  no  attempt  is  made  at  drying  the  air ;  all  the 
moisture  taken  into  the  compression  cylinder  is  discharged  in  the 
form  of  snow  from  the  expansion  cylinder,  with  the  exception  of  the 
portion  deposited  in  the  cooler  owing  to  the  partial  cooling  of  the 
compressed  air. 

M.  Giffard  uses  a  special  form  of  piston  packing,  made  of  two 
layers  of  india-rubber,  the  outer  one  hard  and  the  inner  soft.  This 
packing,  which  is  altogether  about  -g-  in.  square  in  section,  is 
inserted  in  a  groove  turned  in  the  piston  ;  and  small  holes,  drilled 
from  this  groove  to  the  underside  of  the  piston,  admit  the  air-pressure 
to  the  back  of  the  ring,  thus  making  a  similar  joint  to  the  ordinary 
cupped  leather. 

Windhausen's  machine  expands  air  under  a  piston  from  its 
ordinary  atmospheric  pressure;  the  cooled  and  expanded  air  is 
discharged  much  below  the  atmospheric  pressure,  either  through 
tubes  surrounded  externally  by  brine,  or  into  a  hermetically  sealed 
chamber,  where  the   objects  to   be   frozen   are   placed.     After   this 
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process  the  air  Is  again  compressed  to  atmospheric  pressure,  cooled, 
and  re-expanded.  The  disadvantages  of  this  machine  are  the  large 
size  of  the  cylinders,  &c,  necessitated  by  the  very  low  pressure 
employed,  and  the  fact  of  its  depending  for  its  action  entirely  on 
the  production  of  a  partial  vacuum. 

The  Bell-Coleman  refrigerator  consists  of  an  ordinary  machine  for 
producing  cold  air  by  compression,  cooling,  and  expansion,  combined 
with  an  apparatus  for  depositing  a  portion  of  the  moisture  before  the 
air  is  admitted  to  the  expansion  cylinder.  In  this  system  the  air  is 
partially  cooled  during  compression  by  the  actual  injection  of,  cooling 
water  into  the  compressor,  and  by  causing  the  current  of  compressed 
air  flowing  from  the  pumps  to  come  in  contact  with  a  spray  of  water. 
From  the  pumps  the  mixed  air  and  water  is  led  by  pipes  into  a 
chamber  or  chambers  with  perforated  diaphragms,  which  catch  a 
portion  of  the  suspended  moisture.  The  air,  still  in  its  compressed 
state,  and  cooled  to  within  5  or  10  degrees  of  the  initial  temperature  of 
the  cooling  water,  is  then  led  to  the  expansion  cylinder  through 
the  interior  of  a  range  of  pipes,  or  other  apparatus,  with  extended 
metallic  surfaces,  cooled  externally  to  a  lower  temperature  than  that 
of  the  cooling  water ;  so  as  to  induce  a  further  reduction  in 
temperature  and  consequent  deposition  of  moisture.  This  extra 
cooling  of  the  compressed  air  is  effected  either  by  allowing  the  cold 
expanded  air,  before  it  reaches  the  chamber  to  be  cooled,  to  come 
in  contact  with  the  outside  of  the  range  of  pipes,  or  by  exposing  these 
pipes  to  the  spent  air  passing  from  the  cold  chamber. 

This  system  is  objectionable  at  sea,  from  the  corroding  action  of 
the  salt  water  upon  the  cylinder,  pistons,  valves,  &c.  ;  particularly 
when,  as  must  often  be  the  case,  the  machine  lies  idle  for  several 
days.  Again,  with  internal  injection  there  is  a  decided  loss  of 
efficiency,  wherever  it  is  possible  to  use  the  same  air  over  and  over 
again ;  which  can  be  done  by  making  the  cold  chamber  into  a 
comparatively  air-tight  compartment,  and  drawing  from  it  the  supply 
to  the  compression  cylinder.  With  an  external  system  of  cooling  the 
compressed  air,  full  advantage  is  gained  by  this  arrangement ;  for 
the  expanded  air  discharged  into  the  cold  chamber,  even  if  it  be  not 
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passed  through,  a  dry  air  machine,  becomes  practically  free  from 
moisture,  when  discharged  in  the  usual  way  through  some  kind  of 
trap  for  collecting  the  particles  of  snow.  This  air,  being  continually 
compressed  and  expanded,  free  from  all  contact  with  water,  ensures 
economy  in  working,  firstly,  by  utilising  what  may  be  termed  the 
waste  cold,  and  secondly  by  excluding  water  vapour,  which  otherwise 
would  have  to  be  condensed  and  deposited,  with  a  consequent  loss  of 
power.  Thus,  after  a  few  cycles  of  operation,  the  whole  of  the 
moisture  is  removed  from  the  air,  which  works  thenceforward  like  a 
perfect  gas.  With  internal  injection,  on  the  contrary,  though  the 
waste  cold  can  be  utilised,  there  still  remains  a  continual  loss  from 
the  saturated  condition  in  which  the  air,  even  if  used  over  and  over 
again,  must  necessarily  be  delivered  from  the  cooling  apparatus  on 
each  occasion. 

The  difficulties  in  working  this  machine  as  a  dry  air  refrigerator 
may  be  further  seen  by  considering  its  performance  in  a  tropical 
climate,  where,  even  at  sea,  the  water  available  for  cooling  the 
compressed  air  would  probably  have  an  initial  temperature  of  90°  F. 
Under  the  most  favourable  circumstances  the  compressed  and  saturated 
air  would  then  be  delivered  to  the  cooling  pipes  at  a  temperature  of 
at  least  95°  F.,  the  pressure  being  say  65  lbs.  per  sq.  in.  absolute. 
Without  taking  into  account  any  water  mechanically  suspended  in 
the  air,  the  quantity  of  aqueous  vapour  contained  in  it  under  these 
conditions  would  be  0*008  lb.  to  the  pound  weight  of  pure  air. 
Now,  as  there  is  precisely  the  same  weight  of  dry  cold  air  circulating 
outside  the  cooling  tubes  in  a  given  time,  as  there  is  of  warm 
compressed  air  within,  it  follows  that,  by  whatever  amount  the 
temperature  of  the  internal  air  is  reduced,  by  an  equal  amount  must 
that  of  the  external  air  be  raised.  But  in  addition  the  internal  air 
has  vapour  mixed  with  it,  which,  as  the  temperature  falls,  gives  offbeat, 
measured  not  only  by  the  reduction  in  its  sensible  temperature,  but  by 
the  latent  heat  of  vaporisation  ;  and  this  heat  also  has  to  be  taken  up 
by  the  external  air.  It  is  found  by  calculation  that,  assuming  each 
pound  of  internal  air,  with  its  proportion  of  vapour,  to  be  reduced  to 
42°  F.,  the  pound  of  external  cold  air,  which  has  to  take  up  all  the 
heat  due  to  this  reduction,  will  be  raised  in  temperature  by  84°  F. 
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Instead  of  using  the  spent  air  for  cooling  purposes,  the  cold  air 
from  the  expansion  cylinder  may  be  applied  direct  to  the  cooling- 
apparatus  ;  but  in  this  rcase  difficulty  would  be  experienced  from  the 
deposited  moisture  inside  the  tubes  actually  freezing  from  the  intense 
cold  of  the  external  air,  a  difficulty  which  the  author  understands  has 
often  occurred  with  this  apparatus.  This,  apart  from  the  mere 
obstruction  of  the  pipes,  would  involve  a  further  sacrifice  of  cold, 
owing  to  the  liberation  of  the  heat  of  liquefaction. 

It  should  however  be  stated  that  these  machines  have  been 
worked  successfully  in  cases  where  a  large  amount  of  cooling  water 
at  low  temperature  is  available,  as,  for  instance,  on  board  an 
ordinary  Atlantic  steamer.  There  is  no  doubt  that  moderately  dry 
air  would  be  obtained,  wherever  a  sufficient  supply  of  water  at  45°  F. 
or  50°  F.  can  be  had. 

Sturgeon's  Eefrigerator  is  a  horizontal  machine,  with  some 
novel  arrangements  as  regards  the  construction  of  its  air-valves 
and  pistons.  The  compressed  air  is  first  cooled  partially,  by  being 
passed  through  tubes  surrounded  by  cooling  water  ;  and  is  then  passed 
through  charcoal  or  some  other  absorbent  of  moisture,  before  being 
admitted  to  the  expansion  cylinder.  If  the  charcoal  or  other  material 
is  properly  changed  and  renewed  when  necessary,  this  may  form  a 
dry  air  process ;  but,  as  already  stated,  the  introduction  of  a 
chemical  dryer  is  in  the  author's  opinion  undesirable,  except  under 
special  conditions. 

Messrs.  Hick  Hargreaves  and  Co.,  of  Bolton,  manufacture  cold  air 
machines  of  horizontal  form,  in  which  the  Corliss  cut-off  gear  is 
applied  to  the  admission  valves  of  the  expansion  cylinder.  The 
air  is  compressed  in  a  double-acting  cylinder,  into  which  cooling 
water  is  injected  at  each  stroke ;  it  then  passes  through  a  series  of 
receivers,  in  which  the  water  mechanically  carried  over  is  deposited  ; 
and  it  is  finally  admitted  to  the  expansion  cylinder,  and  expanded 
down  to  atmospheric  pressure.  So  far  as  the  author  knows,  no 
attempt  is  made  at  drying  the  air,  which  passes  to  the  expansion 
cylinder  fully  saturated   for  its  temperature  and   pressure ;  but   a 
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largo  snow-box,  consisting  of  a  series  of  baffles,  abstracts  tbe  bulk 
of  the  snow  from  tbe  cooled  air,  after  expansion  and  before  its 
introduction  to  tbe  cold  chamber.  In  a  macbine  of  this  description 
which  the  author  has  seen,  the  snow  bad  to  be  cleared  out  from 
tbe  cxbaust  valves  every  few  hours. 

3.  Cold  Air  Machines  manufactured  by  the  Author's  firm. 

Tbe  first  of  these  machines,  Figs.  5  to  9,  Plates  15  and  1G,  was 
designed  to  deliver  about  15,000  cub.  ft.  of  cold  air  per  hour,  when 
running  at  60  rev.  per  minute.  It  is  really  a  modified  Giffard  machine, 
having  been  manufactured  under  tbat  patent.  Tbe  air  is  taken  into 
the  water-jacketed  compression  cylinder  C  by  the  inlet  pipe  A,  and 
is  delivered  through  the  pipe  B  to  tbe  cooler  D,  containing  170 
horizontal  ^  in.  brass  tubes  of  54  in.  length,  arranged  in  five  nests, 
through  tbe  inside  of  which  the  cooling  water  is  caused  to  circulate 
from  above  downwards.  Fig.  7,  Plate  16,  is  a  longitudinal  section 
of  this  cooler.  The  compressed  air  travels  upwards  amongst  the 
tubes,  as  indicated  by  the  arrows,  meeting  cooler  and  cooler  water 
as  it  ascends  ;  until  finally,  after  being  brought  down  to  within 
5°  or  10°  F.  of  the  initial  temperature  of  the  cooling  water,  it  is 
discharged  into  the  reservoir  G,  Fig.  6,  formed  in  the  same  casting 
as  tbe  cooler  D.  Tbe  vapour  condensed  during  tbe  cooling  gradually 
separates  from  the  air  while  in  this  reservoir,  and  finding  its  way  to 
tbe  bottom  is  run  off  at  intervals  by  cocks  provided  for  the  purpose 
The  pipe  I,  Fig.  6,  conducts  the  cooled  and  partially  dried  compressed 
air  to  the  expansion  cylinder  E,  where  it  is  expanded  down  to 
atmospberic  pressure,  and  is  tben  discharged  cold  through  the 
delivery  pipe  J.  The  admission  and  delivery  valves  in  the  bottoms 
of  the  compression  and  expansion  cylinders  are  shown  in  Figs.  8 
and  9,  and  are  all  of  the  mitre  type.  The  delivery  valves  for  the 
compression  cylinder  are  six  in  number,  in  two  clusters  of  three 
valves  each  ;  and  tbe  rest  are  single  valves  worked  by  cams  on  tbe 
main  shaft.  Tbe  angles  of  the  cranks  are  adjusted  so  as  to  give  the 
best  turning  effect ;  and  tbe  difference  between  tbe  power  absorbed 
in  compression  and  tbat  given  off  in  expansion  is  made  up  by  a  pair 
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of  horizontal  steam  cylinders  H  H,  Figs.  5  and  6,  which  also 
overcome  the  frictions  &c.  of  the  apparatus. 

Indicator  diagrams  from  the  compression  and  expansion  cylinders 
are  shown  in  Figs.  18  and  19,  Plate  21 ;  these  are  the  same  that  have 
already  been  taken  for  comparison  with  the  adiabatic  and  isothermal 
curves. 

The  following  Table  gives  the  result  of  test  experiments  made 
with  this  machine  at  Dartford  : — 

Volume  of  Cold  Air  delivered  per  hour,  at  atm.  pressure,  15,000  cub.  ft. 

"Weight  of  Air  delivered  per  hour 1620  lbs. 

Diameter  of  compression  cylinder 27  ins. 

„  „  expansion  „        22  ins. 

Stroke  of  each IS  ins. 

Revolutions  per  minute 62  revs. 

Air  pressure  in  receiver  (absolute)  65  lbs.  per  sq.  in. 

Temperature    of    air    entering    compression    cylinder 

(containing  vapour  up  to  8S  per  cent,  of  saturation)  . . .  52°  F. 

Temperature  of  air  discharged  from  compression  cylinder  267°  F. 
Temperature  of  compressed  air  admitted  to  expansion 

cylinder 70°  F. 

Temperature  of  air  after  expansion 82°  below  zero  F. 

Work  done  in  compression  cylinder,  from  diagram 43*12  H.P. 

Work  given  off  in  expansion  cylinder,  from  diagram 2S-05  H.P. 

Difference  between  work  done  in  compression  cylinder 

and  work  given  off  in  expansion  cylinder 15*07  H.P. 

Diameter  of  steam  cylinders 12  ins. 

„  „  trunks  in    „  10  ins. 

Stroke  of  trunks 15  ins. 

Initial  steam  pressure  in  cylinders  (absolute) 55  lbs.  per  sq.  in. 

Work  given  off  in  steam  cylinders,  from  diagram 24#6  H.P. 

Initial  temperature  of  cooling  water 57°  F. 

Final  „  „      „  „      145°  F. 

Quantity  of  cooling  water  passing  per  minute 9-25  lbs. 

Work  lost  in  heat  carried  off  by  cooling  water  19  H.P. 

Figs.  10  and  11,  Plate  17,  show  the  arrangement  of  a  smaller 
machine,  of  similar  construction  to  that  just  described,  except  that 
the  cooler  consists  of  only  two  nests  of  tubes  D  D.  The  compressed 
air  is  led  by  the  pipe  B  to  the  first  of  these  nests,  and  then  over  the 
diaphragm  L  to  the  second,  and  so  to  the  expansion  cylinder.     The 

o  2 
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main  shaft  is  carried  by  standards  K  K  fixed  on  the  cooler  ;  and  the 
driving  power  is  a  single  vertical  steam  cylinder  H,  standing  between 
them.  This  machine  gave  exceedingly  good  results,  and  was  shipped 
to  Australia. 

Neither  of  the  foregoing  machines  was  intended  to  produce 
dry  air  ;  and  it  is  now  necessary  to  explain  the  dry  air  process 
devised  by  the  author.  This  process  depends  for  its  "action  on  the 
varying  vapour  capacity  of  air  at  different  temperatures ;  but  instead 
of  the  transfer  of  heat  being  accomplished  by  contact  with  cold 
metallic  surfaces,  involving  large  apparatus  and  difficulties  from  the 
formation  of  ice,  it  is  effected  by  the  act  of  expansion  itself.  The 
partially  cooled  compressed  air,  which,  when  the  machine  is  taking 
its  supply  direct  from  the  atmosphere,  will  always  be  fully  saturated 
with  vapour  for  its  temperature  and  pressure,  is  introduced  into  a 
small  primary  expansion  cylinder,  and  is  there  expanded  under  a 
piston,  to  such  a  pressure  as  gives  a  final  temperature  of  about  35°  F. 
The  result  is  the  condensation  of  almost  the  whole  of  the  contained 
vapour,  which  is  discharged,  in  the  form  of  mist,  with  the  air,  into  an 
apparatus  having  surfaces  so  arranged  that  the  mist  is  deposited  on 
them  as  water,  falls  to  the  bottom,  and  is  drained  off.  The  dried  air, 
still  at  a  high  pressure,  is  then  admitted  to  a  second  and  larger 
expansion  cylinder,  in  which  it  is  expanded  down  to  atmospheric 
pressure ;  and  it  is  finally  discharged  cold  and  free  from  moisture. 

As  an  illustration,  assume  that  compressed  air  at  95°  F.  and 
65  lbs.  per  sq.  in.  absolute  pressure,  fully  saturated  with  vapour,  is 
introduced  to  the  primary  expansion  cylinder.  Each  pound  of  air 
will  then  contain  0  ■  008  lb.  of  vapour.  To  cool  this  mixture  of  air 
and  vapour  down  to  a  temperature  of  35°  F.  will  require  a  ratio  of 
expansion  of  about  1  *75  to  1,  the  pressure  being  reduced  thereby  to 
about  35  lbs.  per  sq.  in.  absolute.  The  0*008  lb.  of  vapour  per  lb.  of 
air  will  now  be  reduced  to  0*0016  lb.,  owing  to  the  lessened  vapour 
capacity,  or  lower  dew  point,  of  the  air ;  the  difference,  or  0  ■  0064  lb., 
being  condensed  into  water,  and  collected  in  a  suitable  receiver.  On 
admitting  the  dried  air  to  the  second  expansion  cylinder,  it  will 
expand  to  atmospheric  pressure  in  almost  exactly  an  adiabatic  curve ; 
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and  each  pound  of  cooled  air,  as  it  is  delivered  from  this  second 
cylinder,  will  only  contain  ahout  0*001  lb.  vapour  in  suspension. 
The  difference  between  this  amount  and  the  0-0016  lb.  admitted 
from  the  water  collector,  is  discharged  as  snow,  and  caught  in  a 
snow-box.  Both  these  amounts  together  are  however  so  small,  that 
the  air  is  practically  dry ;  in  fact,  on  exhausting  the  cooled  air,  with 
this  moisture  and  snow  in  it,  direct  from  the  machine  into  the 
atmosphere  at  50°  F.,  only  the  slightest  trace  of  mist  is  visible. 

Fig.  4,  Plate  14,  is  a  diagram  giving  a  comparison  of  the  two 
systems  for  depositing  moisture  :  one  by  extra  cooling  of  the  moist 
compressed  air  by  means  of  the  cold  expanded  air  acting  through 
metallic  pipes ;  and  the  other  by  utilising  the  expansive  action  of  the 
air  itself,  on  the  author's  plan.  Here  C  D  represents  the  volume  of 
the  air,  at  95°  F.  and  65  lbs.  per  sq.  in.  absolute  pressure,  as  it  leaves 
the  first  cooler  ;  C  E  is  the  volume  when  it  has  been  cooled  at  constant 
pressure  to  42°  F.  by  the  external  application  of  the  cold  air,  during 
which  process  heat  is  given  off  sufficient  to  raise  the  temperature  of  an 
equal  weight  of  the  dry  cold  air  by  84°  F. ;  E  G  is  the  adiabatic  curve 
of  expansion,  and  E  J  the  actual  curve,  allowing  for  the  effect  of  the 
moisture  still  remaining  in  the  air  at  42°  F.  The  final  temperatures 
for  these  curves  are  respectively  127°  and  120°  below  zero  F.  On 
the  other  system  D  K  is  the  curve  of  expansion  down  to  a  temperature 
of  35°  F. ;  the  pressure  is  then  reduced  to  35  lbs.  per  sq.  in.  absolute, 
and  the  moisture  deposited  is  the  same  as  in  the  first  case,  after 
cooling  at  constant  pressure  to  42°  F.  The  condensed  vapour  having 
been  abstracted,  and  the  dried  air  admitted  to  the  second  expansion 
cylinder,  K  N  is  the  curve  of  expansion  to  atmospheric  pressure  ; 
while  D  B  is  the  line  of  adiabatic  expansion  from  the  point  D.  The 
final  temperatures  are  68°  below  zero  F.  for  K  N,  and  96°  below  zero 
for  D  B. 

It  thus  appears  that  with  the  plan  of  cooling  before  expansion 
the  final  temperature  of  the  expanded  air  is  lower  than  in  the 
author's  system.  But  the  effective  temperature  in  the  former 
case  is  really  much  above  the  final  temperature,  because  the  heat 
given  off  in  liquefying  the  vapour  has  all  to  be  taken  up  from  outside 
by  the  expanded  air.      On  the  other  hand,  when  the  condensation 
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of  the  vapour  is  accomplished  during  the  act  of  expansion,  the  cold 
expanded  air  has  no  further  function  to  perform,  and  can  be  wholly 
utilised  for  any  desired  purpose.  Besides  this  the  work  returned  to 
the  machine  in  expansion  is  less  in  the  first  case  than  in  the  second, 
in  proportion  as  the  area  L  C  E  J  is  less  than  the  area  LCDKN. 

The  following  Table  gives  the  calculated  relative  amounts  of 
vapour  condensed  and  deposited,  in  the  various  stages  of  cooling, 
with  a  machine  on  the  author's  system,  capable  of  delivering  15,000 
cubic  feet  of  cooled  air  per  hour,  and  dealing  with  air  in  a  tropical 
climate,  having  an  initial  temperature  of  90°  F.,  and  fully  saturated 
with  vapour. 

Lbs.  per  hour. 


Total  weight  of  vapour  entering  with  the  air  45  *  3G 

Deposited  as  water  in  cooler 33-61 

Deposited  as  water  after  first  expansion 9 -26 

Discharged  as  snow  in  cooled  air 0-93 


43 -SO 


Balance,  being  residual  vapour  still  existing 
in  cooled  air 1-56 


Per  cent. 

100-00 

74-10 

20-40 

2-05 


3-45 


In  Figs.  12  and  13,  Plate  18,  are  shown  end  and  side  elevations 
of  a  dry  cold  air  machine  on  the  new  system,  manufactured  at 
Dartford.  Being  originally  intended  merely  as  an  improved  form 
of  the  15,000  c.  ft.  machine  already  described,  without  any  special 
drying  apparatus,  the  arrangement  of  the  expansion  cylinder  with 
its  gear  is  not  as  compact  as  it  would  have  been,  had  the  machine 
been  designed  from  the  first  with  a  view  to  the  dry  air  process. 

The  compressed  air  is  delivered  by  the  pipe  A  to  the  cooler, 
where  by  means  of  diaphragms  it  is  caused  to  circulate  among  the 
tubes,  meeting  colder  and  colder  water,  until  it  passes  to  the  upper 
compartment  B,  ready  to  be  taken  to  the  expansion  cylinder  through  the 
pipe  C,  Fig.  12,  in  which  is  a  baffle  grid  for  catching  any  condensed 
moisture  that  may  still  be  in  suspension.  The  expansion  cylinder, 
Fig.  14,  Plate  19,  has  a  trunk  piston,  the  annulus  of  which  is  used  for 
the  first  expansion,  and  the  full  piston  area  for  the  second.  After  being 
expanded  on  the  annular  side  so  far  as  to  reduce  its  temperature  to 


.Tax.  1881.  MACHINES    FOR    COLD    AIR.  119 

about  35°  F.  (the  grade  of  expansion  being  regulated  by  an  adjustable 
slide),  the  air  is  passed  through  the  pipe  D,  Figs.  12  and  13, 
containing  the  grids  E,  to  the  depositing  vessel  K,  which  acts  as  a 
water  collector  and  pressure  regulator.  In  this  vessel  the  vapour 
condensed  in  the  cooling  during  expansion  is  gathered,  and  run  off 
at  intervals.  From  this  receiver  a  pipe  G  conducts  the  dry  air  to 
the  lower  valve-chest,  whence  it  is  admitted  to  the  underside  or  full 
area  of  the  piston,  expanded  to  atmospheric  pressure,  and  discharged 
at  a  low  temperature.  Two  steam  cylinders  H  H  supply  the  necessary 
driving  power. 

For  cooling  the  air  during  compression,  a  separate  supply  of  fresh 
cold  water  is  used  in  the  cylinder  jacket,  the  result  being  that  the 
temperature  is  easily  kept  down  to  about  230°  F. ;  whereas  in  the 
experiments  before  described,  where  the  water  which  had  passed 
through  the  cooler  was  sent  through  the  compression-cylinder  jacket , 
this  temperature  was  267°  F. 

The  machine  when  tried  at  Dartford  worked  exceedingly  well,  and 
in  every  way  realised  its  intended  duty.  The  air  was  discharged 
quite  free  from  moisture,  though  it  was  being  delivered  to  the  first 
expansion  in  the  annulus  at  a  temperature  of  92°  F.,  and  would 
consequently  contain  a  considerable  proportion  of  vapour. 

Indicator  diagrams  from  this  machine  are  given  in  Figs.  20,  21, 
and  22,  Plate  22  :  Fig.  21  shows  the  first  expansion  in  the  annulus, 
and  Fig.  22  the  final  expansion  under  the  full  piston  area;  the 
horse-power,  calculated  at  60  revs,  per  min.,  was  40  HP.  in  the 
compression,  8  HP.  in  the  first  expansion,  and  13  HP.  in  the  second. 
The  diameters  of  the  compression  and  expansion  pistons  are  27  in. 
and  20  in.  respectively,  the  stroke  in  each  case  being  18  in.  A  second 
set  of  indicator  diagrams  from  the  same  machine  is  shown  in  Figs. 
23,  24,  and  25,  Plate  23. 

A  horizontal  dry  cold  air  machine  for  marine  purposes,  one 
of  several  now  being  constructed,  is  shown  in  Figs.  15  to  17, 
Plates  19  and  20.  It  is  intended  to  supply  5,000  cubic  feet  of 
cold  air  per  hour,  when  running  at  the  rate  of  65  revs,  per  min.  It 
has  a  double-acting  compression  cylinder  C,  with  gun-metal  liner 
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forming  the  water  jacket ;  this  material  being  employed  in  preference 
to  cast  iron  on  account  of  its  greater  conductivity.  This  cylinder 
discharges  the  air,  compressed  to  about  65  lbs.  per  sq.  in.  absolute, 
into  the  series  of  coolers  BBB,  which  are  made  on  the  same  tubular 
principle  as  those  already  described ;  thence  it  passes  to  the  expansion 
cylinder  E,  with  trunk  piston,  shown  in  section  in  Fig.  16.  Each 
end  of  this  cylinder  is  fitted  with  distinct  adjustable  cut-off  valves. 
The  intermediate  water  depositor  and  air  vessel  D,  Fig.  17,  is  shown  in 
vertical  section  in  Fig.  15.  The  baffles  in  this  depositor  consist  of  a 
number  of  grids  G,  placed  at  an  angle  :  an  idea  for  which  the  author 
is  indebted  to  Mr.  E.  A.  Cowper.  A  jacketed  steam  cylinder  A, 
with  adjustable  cut-off,  supplies  the  necessary  driving  power.  The 
disposition  of  the  cylinders  in  this  machine  was  arrived  at  and 
decided  upon  after  very  careful  consideration  of  the  turning  moments- 
about  the  shaft  centre,  a  number  of  different  combinations  being 
taken.  For  larger  machines  the  arrangement  of  cylinders  would 
be  somewhat  modified,  depending  upon  the  number  of  each  kind 
employed,  and  also  upon  whether  the  engine  was  simple  or  compound. 


4.  Application  of  Cold-Air  Machines. 

First  in  importance  in  this  relation  is  the  question  of  preserved 
meat.  This  not  only  affects  ourselves  at  home  but  also  many  of  our 
colonies.  To  show  its  magnitude,  a  Table  is  appended,  showing 
the  number  of  cattle  and  of  sheep  in  the  different  colonies  of 
Australasia,  for  the  year  1879.  The  cost  of  producing  each  head  of 
cattle  is  about  £4  sterling,  and  at  present  the  price  realised  as  often 
leaves  a  loss  as  a  profit.  If  however,  by  transport  under 
refrigeration,  a  new  and  practically  unlimited  market  could  be 
opened  out,  and  the  graziers  could  receive  even  one  penny  per  pound 
more  than  they  now  realise  for  the  carcases,  the  increased  annual 
profit  would  be  enormous,  not  to  mention  the  immense  boon  to 
consumei's  at  home. 

The  question  of  ventilation  is  also  of  very  great  interest ;  for  if 
dry  cool  air  could  be  introduced  into  our  public  buildings,  the 
benefit   would  be   great,  both  as   regards   health  and  comfort ;  and 
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the  same  applies  still  more  to  the  cooling  of  dwellings  in  hot 
climates,  such  as  India.  In  manufactures  the  production  of  ice,  the 
condensation  of  gases,  the  cooling  of  liquids,  the  moderating  of 
temperatures  in  cellars  &c. ;  and  on  board  ship  the  ventilation  of 
holds  and  cabins,  and  the  cooling  of  saloons  and  engine-rooms  in  hot 
climates,  are  all  instances  where  the  application  of  these  machines 
would  be  advantageous.  The  object  of  this  paper  however  has  been 
chiefly  to  show  that  satisfactory  machinery  can  be  made  for  this 
purpose ;  and  that  by  a  very  simple  process,  involving  no  complication 
in  apparatus  or  in  principle,  the  air  can  be  delivered  at  once  cold  and 
perfectly  dry. 

In  conclusion  the  author  wishes  to  express  his  obligations  to  his 
partner,  Mr.  E.  L.  Beckwith,  for  assistance  rendered  in  the  preparation 
of  this  paper. 


L22 


MACHINES    FOR    COLD    AIR. 


.Tax.  1881. 


APPENDIX. 

Table  giving  weights  of  aqueous  vapour  held  iu  suspension  by 
100  lbs.  of  pure  dry  air  when  saturated,  at  different  temperatures, 
and  under  the  ordinary  atmospheric  pressure  of  29*9  ins.  of 
mercury.  (Partly  abstracted  from  "  A  practical  Treatise  on  Heat," 
by  T.  Box ;  partly  calculated  by  the  Author). 


See  Fig.  2 

Plate  14. 

Temperature. 

Weight  of  Vapour. 

Temperature. 

Weight  of  Vapour. 

Fahr. 

Lbs. 

Fahr. 

Lbs. 

-20° 

0-0350 

102° 

4-547 

-10° 

0-0574 

112° 

6-253 

0° 

0-0918 

122° 

8-584 

10° 

0-1418 

132° 

11-771 

20° 

0-2265 

142° 

16-170 

32° 

0-379 

152° 

22-405 

42° 

0-561 

162° 

31-713 

52° 

0-819 

172° 

46-338 

62° 

1-179 

182° 

71-300 

72° 

1-680 

192° 

122-643 

S2° 

2-361 

202° 

280-230 

92° 

3-289 

212° 

Infinite. 

X.B. — The  weight  in  lbs.  of  the  vapour  mixed  with  100  lbs.  of 
pure  air  at  any  given  temperature  and  pressure  is  given  by  the 
formula 

62-3  E  29^9 

29-9-E  X     p   ' 

where  E  =  elastic  force  of  the  vapour  at  the  given  temperature,  in 
inches  of  mercury  (to  be  taken  from  Tables) 
p  —  absolute  pressure  in  inches  of  mercury 
=  29*9  for  ordinary  atmospheric  pressure. 
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Table  for  Adiabatic  Compression  or  Expansion. 
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Absolute  Pressure. 

Absolute  Temperature. 

Volume. 

Ratio  of             ] 

greater 

to  less.              g 

tatio  of 
ess  to 
reater. 

Ratio  of 
greater 
to  less. 

Ratio  of 
i  less  to 
greater. 

Ratio  of 
greater 
to  less. 

Ratio  of 

less  to 
greater. 

{Expansion.)    (Co) 

ipression.) 

(Expansion.) 

(Compression.) 

(Comjiression.) 

(Expansion.) 

1-2 

■833 

1054 

•948 

1-138 

•879 

1-4 

•714 

1-102 

•907 

1-270 

•7SS 

1-6 

•025 

1-146 

•S73 

1-396 

•716 

1-8 

•556 

1-186 

•843 

1-518 

•659 

20 

■500 

1-222 

•818 

1-G36 

•611 

2-2 

•454 

1-257 

•796 

1-750 

•571 

2-4 

417 

1-289 

•776 

1-862 

•537 

2-6 

3S5 

1-319 

•758 

1-971 

•507 

2-8 

357 

1-348 

•742 

2-077 

•481 

3  0 

333 

1-375 

•727 

2-182 

•458 

32 

312 

1-401 

•714 

2  •  2S4 

•438 

3-4 

294 

1-426 

•701 

2-384 

•419 

3-6 

278 

1-450 

•690 

2-4S3 

•403 

38 

263 

1-473 

•679 

2-580 

•388 

4-0 

250 

1-495 

•669 

2-676 

•374 

4-2 

23S 

1-516 

•660 

2-770 

•361 

4-4 

227 

1-537 

•651 

2-863 

•349 

4-6 

217 

1-557 

•642 

2-955 

•338 

4-8 

208 

1-576 

"635 

3-046 

•328 

50 

200 

1-595 

•627 

3-135 

•319 

60 

1G7 

1-681 

•595 

3-569 

•280 

70 

143 

1-758 

•569 

3-981 

•251 

80 

125 

1-828 

•547 

4-377 

•228 

90 

111 

1-891 

•529 

4-759 

•210 

10  0 

100 

1-950 

•513 

5-129 

•195 
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Discussion. 

Mr.  Lightfoot  wished  to  add  that  the  machine  shown  in  Figs.  15 
and  16  was  now  at  work  in  Upper  Thames  Street,  in  connection  with 
a  chamber  of  7,500  cub.  ft.  capacity,  intended  for  the  preservation  of 
meat  and  fish.  Figs.  23  to  25,  Plate  23,  were  copies  of  indicator 
diagrams  taken  from  that  machine.  The  temperature  at  the  end  of 
the  compression  was  240°,  and  that  of  the  expanded  air  was  about  55° 
below  zero  F.  The  drying  apparatus  acted  admirably,  the  snow 
discharged  in  the  cooled  air  being  no  more  than  calculation  would 
show. 

In  the  discussion  on  M.  Achard's  paper,  on  the  previous  day, 
Mr.  Rich  had  mentioned  the  difficulty  arising  from  the  accumulation  of 
ice  in  working  compressed-air  engines.  It  occurred  to  him  that  his 
plan  of  double  expansion,  with  intermediate  depositor,  would  entirely 
obviate  that  difficulty,  while  adding  very  little  to  the  cost  of  ordinary 
compressed-air  motors. 

Mr.  W.  Schonheyder  said  there  was  a  statement  at  the 
commencement  of  the  paper,  that  when  atmospheric  air  was  rapidly 
compressed  under  a  piston  it  was  raised  in  temperature.  He  was 
aware  that  a  few  people  did  hold  that  opinion,  namely  that  it  was 
necessary  to  compress  air  rapidly  in  order  to  get  a  rise  of  temperature. 
It  was  now  well  known  however  that  a  rise  of  temperature  took  place 
whether  the  compression  was  rapid  or  slow.  Of  course  the  practical 
point  was  that  in  the  case  of  slow  compression  the  temperature  fell 
almost  as  soon  as  it  was  raised,  the  heat  being  carried  away  by 
conduction,  and  therefore  the  rise  could  not  be  measured ;  but  the 
heat  was  generated  just  the  same. 

As  he  had  happened  a  few  years  ago  to  carry  out  some  experiments 
upon  one  of  the  early  Giffard  machines,  it  might  be  interesting  to 
give  a  few  of  the  particulars  then  obtained.  He  had  taken  indicator 
diagrams  which  were  very  similar  to  that  shown  in  Fig.  18,  Plate  21  ; 
but  in  that  machine  the  cooling  was  effected  by  the  injection  of  water, 
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which  ho  quite  agreed  with  the  author  was  objectionahlc ;  and  the 
effect  was  that  the  curve  was  kept  very  low,  coming  very  nearly  to 
the  true  isothermal  curve  of  compression.  The  result  of  the  injection 
of  water  was  that  a  large  amount  of  moisture  was  carried  over  into 
the  cooling  chamber,  and  a  large  quantity  of  snow  was  deposited, 
with  a  diminished  efficiency  of  the  machine.  The  temperature  of  the 
air  discharged  from  the  compression  cylinder,  as  estimated,  was 
131°  F.  The  diagram  from  the  expansion  cylinder  had  a  very  similar 
appearance  to  that  shown  in  Fig.  19.  The  estimated  temperature  of 
the  air  discharged  was  —  80°  F. 

In  page  110  of  the  paper  was  described  a  packing  which  M.  Giffard 
applied,  about  §  in.  square  in  section,  and  kept  against  the  cylinder  by 
the  pressure  of  the  air  from  behind.  That  was  a  very  objectionable 
plan,  inasmuch  as  it  caused  an  enormous  pressure  between  the  cylinder 
and  the  ring,  much  greater  than  was  required.  He  had  made  some 
approximate  experiments  to  ascertain  the  amount  of  power  required 
to  move  the  piston  against  the  friction  thus  produced,  and  it  was 
enormous.  If  it  was  borne  in  mind  that  for  each  IIP.  expended  in 
friction  there  was  something  like  2,565  units  of  heat  liberated, 
it  would  be  seen  that  this  power  was  not  only  wasted  in  useless 
friction,  but  also  caused  an  immense  addition  of  heat  to  the  cylinder, 
which  was  of  course  detrimental.  Therefore  the  packing  of  such 
pistons  should  work  as  freely  as  possible,  and  its  pressure  ought  not 
to  be  increased  by  the  pressure  of  the  air  from  behind. 

He  did  not  know  whether  the  first  machine  of  Giffard  was  well 
known.  It  was  rather  smaller  than  the  one  mentioned  on  page  115. 
The  compression  cylinder  was  22|  in.  diam.,  and  the  expansion 
cylinder  20^  in.  diam.  The  stroke  was  13f  in.,  and  it  worked  at 
72  revolutions  per  minute.  The  temperature  after  compression  was 
131°  F.,  and  the  pressure  was  then  55  lbs.  per  sq.  in.  absolute.  The 
HP.  shown  in  the  compression  was  24,  and  in  the  expansion  14 — 
nearly  the  same  proportion  as  that  mentioned  by  the  author ;  so  that 
it  gave  rather  more  than  half  the  power  back  again  in  the  expansion 
cylinder.  On  account  of  the  mode  of  injecting  water,  there  was  a 
rather  larger  quantity,  72  lbs.,  used  per  minute.  The  lise  of 
temperature  was  very  small,  only  14°. 
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He  could  not  understand  the  last  figure  in  the  Table,  page  115, 
where  the  author  stated  that  the  heat  taken  off  by  the  cooling  water 
only  amounted  to  19  HP.,  as  compared  with  43  HP.  in  the 
compression  cylinder.  The  heat  taken  off  in  the  experiments  ho 
had  carried  on  represented  23-6  HP.,  and  the  work  in  the 
compression  cylinder  was  24  HP.  Those  figures  agreed  better 
together  than  the  figures  mentioned  by  the  author.  The  whole 
of  the  heat  given  out  in  the  compression  cylinder  should  be  shown 
in  the  water,  or  very  nearly. 

He  understood  that  the  machines  were  more  especially  made 
for  use  on  board  ships  in  cooling  meat,  and  no  doubt  they  were 
admirably  adapted  to  that  purpose.  He  did  not  think  however 
that  they  would  ever  be  economical  machines,  as  they  required  a 
large  amount  of  fuel.  The  author  had  referred  to  the  cooling  effect 
of  the  Kirk  machine  at  Hong  Kong,  which  produced  four  tons  of  ice 
from  one  ton  of  coal.  That  was  a  much  higher  value  than  he  had 
himself  seen  attached  to  it.  He  understood  that  it  really  produced 
very  little  more  than  a  ton  of  ice  for  a  ton  of  coal.  Be  that  as  it 
might,  with  other  systems  of  producing  ice  it  was  possible  to  get 
9  tons  of  ice  with  a  ton  of  coal.  This  class  of  machine  therefore 
could  never  be  economical  for  cooling  purposes.  In  addition  the 
author  had  shown  an  engine  for  driving  the  machines,  which  was 
unjacketed,  and  was  as  uneconomical  as  could  well  be  constructed. 
While  the  most  economical  engines  of  the  present  day  used  16  lbs.  of 
water  per  HP.,  that  engine  would  probably  use  60  lbs.  or  more.  On 
shipboard  that  would  be  a  very  great  consideration,  and  he  did  not 
see  how  it  was  possible  to  justify  a  construction  so  uneconomical. 
It  also  appeared  to  him  from  Fig.  13,  Plate  18,  that  the  crank-shaft 
was  very  weak  for  its  work;  and  certainly  the  overhang,  where  it 
was  attached  to  the  expansion  cylinder,  was  very  ugly. 

Mr.  W,.  A.  Gorman  wished  to  endorse  the  opinions  expressed  by 
Mr.  Schonheyder.  Having  had  twenty-two  years'  experience  in 
ice-making  machinery,  he  had  found  that  with  the  ether  ice-making 
machine  1  ton  of  coal  would  produce  4  or  5  tons  of  ice,  whereas  with 
the  Kirk  machine  he  always  understood  1  ton  of  coal  produced  only 
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2  tons  of  ice.  With  regard  to  the  machine  mentioned  by  the  author 
as  having  been  working  at  Hong  Kong,  he  thought  the  consumption 
of  fuel  stated  must  be  incorrect ;  and  he  believed  it  had  been 
superseded  by  an  ether  ice-making  machine,  on  account  of  the 
cost  of  its  fuel.* 

Mr.  T.  E.  C rampton  said  that  a  comparison  of  the  quantity  of  coal 
consumed  with  the  amount  of  ice  produced  was  rather  misleading, 
unless  it  was  stated  what  kind  of  engine  was  used.  If  it  were  stated 
that  so  much  power  was  used  for  a  given  weight  of  ice  produced,  it 
would  be  left  for  the  engineer  to  decide  how  he  would  get  that 
power.  The  engine  shown,  which  was  unjacketed,  could  certainly 
not  be  worked  under  6  or  7  lbs.  of  coal  per  I.H.P. 

Mr.  D.  Joy  thought  that  they  were  rather  confusing  the  aim  of 
the  author's  engine,  and  that  of  the  engine  with  which  it  had  been 
compared.  Tbe  author's  engine  was  intended  to  cool  air,  not  to 
make  ice ;  and  it  could  hardly  be  compared  with  machines  the  special 
function  of  which  was  to  make  ice.  They  would  not  think  of 
comparing  a  compound  surface-condensing  engine  for  driving 
steamers  with  some  very  simple  high-pressure  engine  used  where 
ihere  was  no  need  to  care  about  the  consumption  of  coal.  Nor 
should  they  in  this  case  allow  a  confusion  to  arise,  to  the  manifest 
detriment  of  the  engine  under  discussion. 

Mr.  J.  McFarlane  Geat  had  been  struck  with  the  paper  as 
well  considered  and  very  interesting,  and  had  no  doubt  that  it  would 

*  Mr.  A.  C.  Kirk  has  since  requested  tbe  insertion  of  the  following  note,  in 
correction  of  this  statement : — Some  eight  years  ago  Messrs.  Kyle  and  Bain 
took  out  to  Hong  Kong  a  5-ton  ice  machine,  the  second  of  my  moist-air  machines 
that  was  made;  and  some  years  later  they  added  one  of  my  earlier  dry-air 
machines  for  occasional  use.  They  drove  an  ether  machine  out  of  the  field ;  and 
as  the  Tudor  Ice  Company  could  not  compete  with  ihem,  they  bought  their  ice 
stores  and  business.  In  the  hands  of  Messrs.  Kyle  and  Bain,  both  thorough 
■engineers  and  well  acquainted  with  tbe  machines  and  the  trade,  the  manufacture 
of  ice  at  Hong  Kong  has  been  a  complete  commercial  success. 
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lead  many  members  who  had  not  yet  paid  attention  to  such  machines 
to  take  more  interest  in  them.  He  rather  looked  at  the  subject  from 
the  point  of  view  of  Mr.  Joy.  Taking  the  case  of  steamers,  there 
would  be  a  small  engine  of  40  HP.  for  cooling,  and  there  might  be 
alongside  it  an  engine  of  2000  HP.  Now  a  little  saving  of  steam 
in  the  small  engine,  by  adding  to  its  weight  and  increasing  the 
complication,  might  be  really  uneconomical.  Simplicity  and 
compactness  were  of  great  importance  on  board  a  steamer ;  and 
mere  economy  in  respect  of  fuel  in  such  machines  was  not,  and 
perhaps  never  would  be,  of  the  highest  importance. 

The  author  appeared  to  be  right  in  his  remarks  about  the  theory 
of  the  machine,  but  he  would  suggest  that  the  diagrams  should 
show  the  line  LM  for  pressure  equal  to  zero  (Fig.  1,  Plate  14),  as 
well  as  the  line  AB  for  atmospheric  pressure,  and  the  line  LC  for 
volume  equal  to  zero.  The  character  of  the  curve  was  then  made 
more  clear,  and  calculations  could  more  readily  be  performed  with  it. 

Mr.  E.  Price  Williams  quite  agreed  with  Mr.  Joy  in  questioning 
the  comparison  between  an  ice-making  machine  and  a  refrigerating 
machine.  The  question  of  refrigerating  machines  had  a  most 
important  and  direct  bearing  in  connection  with  food  supply. 
Having  recently  given  some  special  attention  to  the  subject,  he  had 
been  very  much  impressed  with  the  gravity  of  the  question  of  the 
future  meat  supply  for  the  country.  He  had  in  his  hand  a  letter 
from  Sir  William  Armstrong,  acknowledging  the  receipt  of  a  recent 
paper  of  his  own  on  the  question  of  the  increase  in  the  population  of 
this  country,  from  which,  with  the  President's  permission,  he  would 
read  the  following  extract:  "I  find  it  deeply  interesting  not  only  as 
affecting  the  question  of  the  duration  of  coal,  but  also  as  regards  the 
future  food  of  the  nation.  What  a  fearful  thing  it  will  be  if  in 
future  ages  the  food  supply  of  the  country  from  foreign  sources 
should  be  intercepted  !  "  He  would  add,  what  a  fearful  thing  it 
would  be  if,  having  regard  to  the  rapid  rate  at  which  the  population 
was  increasing,  the  food  supply  of  the  country,  from  whatever  source 
derived,  should  ever  prove  insufficient !  He  must  say  that  he  looked 
to  machines  of  that  kind  as  supplying  at  the  moment  a  very  great 
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want.  All  who  had  studied  economical  questions  had  realised  tho 
gravity  of  our  depending  for  daily  food  upon  the  produce  of  foreign 
countries,  and  more  especially  in  regard  to  the  supply  of  meat.  He 
did  not  think  the  economical  value  of  the  machines  should  he 
estimated  as  lightly  as  Mr.  Schonheyder  had  estimated  them.  He 
had  not  hcen  ahle  to  gather  from  the  paper  sufficient  data  to  estimate 
what  the  cost  of  the  engines  might  be,  hut  they  appeared  to  he  in 
every  way  exceedingly  efficient ;  and  he  could  not  help  thinking  that 
they  would  direct  attention  to  a  most  important  subject — the  means 
of  quickly  and  safely  providing  the  necessary  food  supply  of  the 
country. 

The  President  believed  that  Mr.  Lightfoot  had  brought  before 
the  members  the  particulars  of  the  first  machine  made  with  the 
recent  improvements.  When  several  more  had  been  made,  no  doubt 
the  author  would  be  able  to  quote  an  exact  price.  The  last  machine 
promised  to  be  a  great  improvement  upon  the  previous  ones,  on 
account  of  the  arrangement  made  to  cool  air  down  to  about  35°,  so 
as  to  deposit  as  much  water  as  possible  before  the  final  expansion ; 
thereby  getting  dry  air,  and  also  a  greater  degree  of  cold  for  a  given 
amount  of  horse-power. 

Mr.  Schonheyder  asked  leave  to  say  that,  if  there  was  no 
objection  to  comparing  a  machine  for  producing  ice  with  a  machine 
for  producing  cold  air,  he  could  give  a  correct  comparison.  A 
Siddeley  machine  would  abstract  about  15,000  units  of  heat  per 
indicated  horse-power  when  cooling  water  through  moderate  ranges 
of  temperature,  and  when  making  ice  only  about  3,000  to  4,000  units  ; 
the  Giflard  machine  with  which  he  had  experimented  abstracted 
only  1,000  units  per  indicated  horse-power,  and  the  machine 
mentioned  in  the  paper  about  1,600  units.  That,  he  thought,  was  a 
perfectly  correct  comparison. 

Mr.  Lightfoot  said,  in  reply,  that  Mr.  Schonheyder  had  drawn 
attention  to  what  was  perhaps  a  rather  weak  expression  at  the 
beginning  of  his  paper.     He  did  not  hold  that  air  required  to  be 
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rapidly  compressed  in  order  to  be  heated;  he  had  used  that 
expression,  in  order  that  it  might  be  understood  that  the  air  was 
compressed  adiabatically,  or  nearly  so ;  because,  if  the  compression 
was  very  slow,  the  specific  heat  of  the  air  being  so  low,  the  cylinder 
would  run  away  with  all  the  heat.  With  regard  to  M.  Giffard's 
packing,  of  course  the  use  of  it  in  the  machines  made  by  his  firm 
was  not  of  their  own  deciding.  The  type  of  engine  to  be  used 
could  be  varied  according  to  circumstances ;  and  they  were  quite 
prepared  to  supply  compound  engines  for  machines  of  a  larger  size, 
or  even  for  the  size  required  for  giving  15,000  cub.  ft.  per  hour. 
Of  course  they  were  very  much  in  the  hands  of  the  buyer.  He 
could  not  put  in  compound  condensing  engines  at  the  price  of 
simple  ones.  With  regard  to  Mr.  Schonheyder's  doubts  about  the 
statement  in  page  115,  as  to  the  amount  of  heat  taken  off  by  the 
cooling  water  during  the  experiments  with  the  15,000  cub.  ft. 
machine,  that  statement  was  quite  correct.  It  was  impossible  that 
the  heat  equivalent  of  the  total  horse-power  shown  by  the  compression 
diagram  could  be  taken  up  by  the  water,  because  a  portion  of  that 
horse-power  was  expended  on  work  done  in  discharging  the  air  from 
the  cylinder  after  compression,  and  on  friction  &c.  It  seemed  to  him 
clear  that  some  mistake  must  have  been  made  in  the  experiments 
carried  out  by  Mr.  Schonheyder,  in  which  the  heat  taken  off  by  the 
cooling  water  was  given  as  equal  to  2 3 '6  HP.  against  24  HP.  in 
the  compression  cylinder. 

In  reference  to  the  remarks  of  Mr.  McFarlane  Gray,  he  was 
quite  willing  that  the  theoretical  diagrams  should  show  the  line  of 
absolute  zero  of  pressure,  as  in  Figs.  1,  3,  and  4,  Plate  14.  In 
comparing  theoretical  diagrams  with  actual  diagrams  one  naturally 
took  the  same  base  line  for  both,  namely  the  atmospheric  line ;  and 
that  was  the  only  reason  for  the  omission  of  the  zero  line.  He  would 
not  say  anything  about  the  cost  of  making  ice,  because  the  machines 
were  not  intended  for  that  purpose.  Of  course  if  the  ether  machine 
were  to  be  used  for  producing  cold  air,  it  would  require  to  be 
supplemented  by  another  machine,  which  would  supply  the  air  and 
project  it  against  the  cooling  surfaces  ;  and  that  would  add  very  much 
to  the  expense  and  complication,  and  also  to  the  cost  of  working. 

p  2 
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Tko  President  wished  to  ask  one  question.  Why  was  the  ice 
so  objectionable  ?  If  the  temperature  in  the  chamber  was  intended 
to  be  kept  at  33°,  or  anything  above  freezing  point,  would  not  the 
ice  passed  into  the  chamber  cool  the  air  in  the  chamber  ?  Was  it 
the  moisture  that  was  objectionable  ? 

Mr.  Lightfoot  said  it  was  immaterial  whether  there  was  ice  or 
not,  so  far  as  the  mere  cooling  of  the  chamber  was  concerned ;  it 
was  the  freezing  up  of  the  passages  &c.  that  was  the  evil.  If  the 
machine  could  only  be  made  to  work  satisfactorily  with  the  ice,  the 
dry-air  apparatus  would  be  unnecessary. 

The  President  observed  that  there  had  been  many  compressed- 
air  machines  already  invented,  and  many  of  these  had  been  used 
for  cooling  purposes,  oil-distilling,  &c.  The  preservation  of  meat 
however  seemed  to  be  a  reason  for  their  being  increased  in 
number  to  a  very  large  extent,  there  being  now  a  very  great 
demand  for  machines  to  cool  the  air,  in  order  to  bring  meat  to  this 
country.  Thus  the  subject  was  a  generally  interesting  one ;  and  he 
was  sure  the  members  would  wish  to  pass  a  vote  of  thanks  to 
Mr.  Lightfoot  for  bringing  it  before  them  in  so  full  and  able  a 
mariner. 

The  vote  of  thanks  was  passed  unanimously. 


Jan.  1881.  1'3'i 


ON  STONE-DEESSING  MACHINERY. 


By  Mr.  J.  D.  BEUNTON  and  Mr.  F.  TRIER,  of  London. 


It  lias  been  for  some  time  the  desire  of  the  authors  to  introduce 
to  the  notice  of  the  Members  of  this  Institution  their  Machines  for 
Dressing  and  Turning  Stone :  but  they  have  delayed  doing  so  until 
now,  because  they  wished  first  to  perfect  the  details  ;  and  especially 
to  be  able  to  say  that  they  had  practically  mastered  Granite,  that 
most  difficult  of  stones  to  deal  with.  The  machines  now  to  be 
described  have  undergone  the  test  of  practical  working;  and  have- 
been  pronounced  to  be  good,  serviceable,  labour-saving  machines,  by 
persons  who  have  used  them  for  some  time  past,  and  are  using  them 
still. 

Much  ingenuity  has  been  put  forth,  and  numerous  attempts  have 
been  made,  to  shape  or  dress  stone  by  mechanical  means ;  but  no- 
attempt  will  here  be  made  to  describe  the  various  machines  that  have 
been  devised.  Suffice  it  to  say  that,  saws  being  excepted,  they  for 
the  most  part  aim  to  do  the  work  by  means  of  chisels  of  some  form 
or  other,  applied  either  to  chip  or  to  scrape  away  the  irregularities 
of  the  stone.  It  is  at  this  point  that  the  authors'  machines  diverge 
from  the  beaten  path,  and  take  hold  of  a  new  principle  of  action ; 
the  action,  namely,  of  circular  rotating  cutters,  operating  by  rolling 
to  chip  off  from  the  stone  the  inequalities  of  its  surface. 

This  constitutes  the  elementary  principle  ;  and  may  be  stated  as 
a  rolling  pressure  brought  to  bear  at  the  base  of  a  certain  projecting 
portion  of  stone,  with  the  intent  to  force  it  off.  The  great  power  of 
such  a  pressure  to  effect  the  desired  object  is  due  to  the  fact  that  its 
incidence  at  any  given  moment  (or  what  may  be  called  the  tread  of 
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the  cutter)  extends  over  a  very  small  space ;  and  that  upon  this 
small  space  the  whole  force  in  exercise  is  concentrated.  It  remained 
to  contrive  such  a  mechanical  arrangement  as  should  successfully 
apply  this  principle. 

We  have  in  stone  a  material  composed  for  the  most  part  of 
particles  hard  enough  to  cut  and  wear  away  the  hardest  steel ;  but 
hold  together  by  a  cohesion  relatively  far  feebler  than  that  which 
holds  together  the  molecules  of  steel  or  chilled  cast  iron.  Hence  it 
will  be  evident  that  in  attacking  such  a  substance  by  a  metal  tool,  it 
is  of  the  first  importance  that  attrition  be  avoided.  If  tbis  enters 
in  any  considerable  measure  into  the  conditions  of  the  contest,  the 
metal  will  be  worsted :  but  if  it  be  a  question  of  simple  pressure,  the 
stone  will  inevitably  be  overcome. 

The  first  application  of  the  principle  was  to  the  turning  of  stone, 

especially  granite.     The  simplicity  of  this  application  was  due  to  the 

circumstance  that  the  constantly  revolving  stone  presented  a  continuous 

surface  for  attack ;  and  the  contact  of  the  edge  of  the  rotating  cutter 

with  the  surface  was  therefore  unbroken.     The  cutter,  once  set  in 

motion  by  contact  with  the  stone,  continued  rolling  ;  and,  being  placed 

at  an  angle  of  about  25°  to  the  axis  of  the  stone,  chipped  the  surface 

away  incessantly  in  a  spiral  line,  as  the   slide-rest  and  tool-holder 

moved  along  the  bed  of  the  lathe.     Nothing  more  was  needed.      The 

concurrent  revolutions  of  the  stone  and  the  cutter  reduced  attrition  to  a 

minimum,  and  considerable  speed  of  surface  rotation  was  attainable. 

With  two  cutters,  one  on  each  side  of  the  column,  an  inch  and  a  half 

or  more  would  be  taken  off  in  a  single  traverse.     In  fact,  the  work 

of  a  fortnight  was  brought  within  the  compass  of  a  day,  while  the 

character  of  the  work  produced  was  in  every  respect  superior. 

But  when  the  authors  came  to  deal  with  plane  surfaces,  many 
difficulties  presented  themselves.  The  contact  of  the  cutters  with  the 
stone  was  necessarily  intermittent.  To  accomplish  a  useful  quantity 
of  work  speed  was  required  :  but  to  bring  cutters  into  rapid  rotation, 
by  a  contact  with  the  stone  which  was  made  and  broken  at  every 
moment,  involved  much  attrition  and  consequent  wear. 

Although  it  may  seem,  as  it  does  now  to  the  authors  themselves, 
a  very  simple  remedy  for  this  difficulty,  to  drive  the  cutters — in  other 
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words,  to  give  them  mechanically  an  independent  rotation,  such  that 
their  edges  should  roll  on  the  stone — yet  this  simple  remedy  was  not 
thought  of  till  several  years  had  been  spent  in  efforts  to  dress  plane 
surfaces  by  simple  contact.  The  machine,  as  represented  in  the 
drawings,  is  the  offspring  of  this  slowly-attained  perception  of  what, 
in  the  shape  of  mechanical  arrangement,  the  nature  of  the  case 
demanded. 

Fig.  1,  Plate  24,  is  a  section  of  the  chuck  or  cutter  carrier, 
showing  the  way  in  which  the  cutters  are  given  a  determinate  rotation 
on  their  own  axes,  at  the  same  time  that  they  are  carried  round  in 
a  circle  by  the  revolution  of  the  carrier;  their  outer  edges  thus 
describing  a  circular  path,  which  may  be  called  the  track. 

The  chuck  A  is  a  circular  cast-iron  box,  bolted  to  the  flange  B 
of  the  horizontal  hollow  shaft  C,  on  which  it  revolves.  Into  it  are 
fitted  the  cutter  spindles  D ;  in  number  three,  six,  nine,  or  twelve, 
according  to  the  size  of  the  chuck.  The  cutters  are  fixed  on  their 
spindles  by  split  nuts :  each  of  these  nuts  for  part  of  its  length  is 
shaped  as  a  cone,  which  enters  into  the  conical  hole  in  the  centre 
of  the  cutter.  When  screwed  up  the  nut  contracts,  and  grips  the 
thread  of  the  spindle,  so  that  nut,  cutter,  and  spindle  become  as  one 
piece.  On  each  spindle  is  keyed  a  bevel  pinion  E ;  and  all  the 
pinions  contained  in  a  chuck  gear  into,  and  are  driven  by,  the  central 
bevel  wheel  F  :  this  is  keyed  on  the  central  shaft  G,  which  passes 
through  the  centre  of  the  hollow  shaft  C,  and  receives  its  motion  by 
means  of  the  pulley  H,  Fig.  3.  The  chuck  is  driven  by  the 
pulley  K. 

The  rates  of  cutter-rotation  and  of  chuck-rotation  are  so  adjusted 
relatively  to  each  other  that  the  cutter  edge  shall  exactly  roll 
in  the  track.  For  instance,  in  the  case  of  a  chuck  having  a  track  of 
2  ft.  diameter  and  cutters  of  8  in.  diameter,  for  every  revolution  of 
the  chuck  the  cutters  will  make  three  revolutions. 

Theoretically,  with  an  exact  roll  of  the  cutter  edge  on  the  stone, 
there  should  be  no  attrition  ;  and  this  is  probably  not  far  from  being 
realised  in  practice.  But  coincident  with  the  roll  of  the  cutter,  there 
is  a  forward  movement  of  the  stone,  which  is  in  fact  a  nib,  distributed 
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over  the  edge  of  the  cutter  as  it  rolls  ;  and  to  this  it  is  prohably  due 
that  there  is  any  appreciable  wear  of  the  cutters  at  all. 

The  ordinary  speed  of  a  chuck  is  300  to  350  revolutions  per 
minute;  the  cutters  themselves  making  900  to  1050  revolutions  in 
the  same  time. 

The  tread  of  a  cutter,  that  is  to  say  the  length  on  its  periphery 
that  is  in  contact  with  the  stone  at  any  given  moment,  may  be 
put  at  |  in.  Tbo  duration  of  contact  of  any  one  tread  will 
therefore  be  found  by  dividing  one  minute  by  the  circumference  of  a 
2  ft.  chuck,  multiplied  by  300  revolutions,  and  divided  by  $ ;  or 
by  60290.  Thus  in  round  figures  the  duration  of  contact  is  the 
thousandth  part  of  a  second ;  during  which  the  advance  of  the  stone 
will  be  less  than  the  ^gVo  V&T^  °f  au  incn-  The  result  of  this  small 
amount  of  attrition,  and  of  its  being  distributed  so  rapidly  and 
evenly  over  the  whole  circumference  of  the  cutter,  is  that  there  is  no 
perceptible  heating,  notwithstanding  that  the  circumferential  velocity 
of  the  cutters  is  about  2000  ft.  per  minute.  Pulleys  H  of  different 
diameters  are  provided  for  the  central  shaft  G,  to  vary  the  speed  of  the 
cutters,  as  required  by  their  diminished  diameter  consequent  upon 
wear.    The  inclination  of  the  cutters  to  the  plane  of  the  stone  is  45°. 

"We  have  next  to  explain  a  refinement  which  is  of  great  value  ; 
namely  the  placing  the  cutters  in  steps,  or  so  as  to  cut  in  different 
planes.  The  authors  in  practice  usually  employ  three  planes ;  and 
for  convenience  the  cutters  may  be  called  respectively  X,  Y,  and  Z, 
Z  being  the  last  or  finishing  cutter,  as  in  Fig.  5,  Plate  25. 

Several  important  advantages  accrue  from  this  arrangement. 

1st.  The  bevel  of  the  edge  of  the  finishing  cutter  Z  may  be  made 
much  more  acute,  because  it  has  so  little  to  do,  and  its  face  pressure 
against  the  stone  is  lessened  in  consequence.  The  acute  edge  of  Z 
greatly  facilitates  the  production  of  sharp  arrises  and  unbroken 
corners. 

2nd.  The  action  of  Z  is  to  break  away  the  stone  which  would 
otherwise  be  under  the  foot — so  to  speak — of  Y,  when  Y  next  comes 
round ;  and  of  Y  to  do  the  like  for  X.  Thus  the  face  pressure  of 
Y  and  X  is  also  diminished,  and  the  attrition  still  further  reduced. 
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This  effect  is  very  perceptible  in  practice,  both.  X  and  Y  wearing 
to  a  square  edge. 

3rd.  The  arrangement  renders  "  plucking "  of  the  stone 
impossible.  This  point  is  illustrated  in  Fig.  5  ;  it  will  be  seen 
that  a  cutter  taking,  or,  as  perhaps  better  expressed,  lifting,  a  heavy- 
chip  would  be  very  likely  to  break  away  the  stone  below  the  surface, 
as  shown  at  I.  Cutter  X  does  so  ;  but  Y  and  Z,  following,  obliterate 
these  plucks,  and  they  cannot  pluck  by  reason  of  the  overlying  stone. 
A  chip  lifted  by  Y  must  necessarily  break  upwards,  as  along  a  b ; 
and  still  more  so  a  chip  lifted  by  Z.  It  thus  comes  to  pass  that  a 
stone  exceedingly  difficult  to  dress  by  hand  without  plucks  (for 
instance  Eed  Mansfield)  can  be  dressed  by  this  machine,  taking  a 
heavy  cut,  and  yet  producing  a  surface  entirely  unplucked. 

4th.  It  becomes  quite  practicable  by  this  method  to  take  off  aft 
one  operation  the  whole  of  the  inequalities  of  an  ordinary  quarry 
scabbled  stone.  With  this  end  in  view  the  authors  are  now  making 
machines  with  cutters  placed  in  four  steps,  or  even  in  more. 

"With  regard  to  the  material  of  the  cutters,  it  has  been  found 
that  for  all  kinds  of  sandstones,  grit  stones,  and  free  stones,  as  well 
as  for  the  magnesian  limestones  and  oolites,  chilled  cast-iron  cutters 
answer  perfectly.  They  are  chilled  on  the  outer  conical  face, 
so  that,  as  the  cutter  wears,  and  is  ground  on  the  lower  edge 
or  base  of  the  cone,  the  cutting  edge  is  always  formed  against 
the  chilled  surface.  The  endurance  of  these  cutters  is  very 
satisfactory.  In  a  six-cutter  chuck,  dressing  from  40  to  50  sq.  ft. 
of  Newcastle  grit  per  hour,  the  cutters  will  last  seven  or  eight  hours 
without  changing.  A  cutter  is  ground  in  a  few  minutes,  by  means  of 
an  ordinary  grindstone  with  a  simple  mechanical  appliance,  and  is 
then  ready  for  use  again.  A  cutter  will  usually  last  for  twenty  such 
grindings  before  it  is  worn  out.     Its  first  cost  is  three  shillings. 

For  hard  limestones,  steel  cutters  are  necessary  on  account  of  the 
resistance  presented  by  these  stones :  but  the  wear  is  quite 
insignificant.  A  set  of  cutters  will  last  several  days  without  changing. 
For  granite  also  steel  cutters  are  required.  In  the  lathe  a  cutter  will 
run  for  about  ten  hours  without  sharpening,  dressing  250  sq.  ft.  of 
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granite  once  over.  In  dressing  plane  surfaces  the  wear,  in  the 
case  of  granite,  is  greater  than  in  turning  :  but  still  moderate,  the 
tool  cost  being  less  than  that  attendant  upon  hand  labour.  In 
dressing  the  softer  kinds  of  stone,  such  as  Newcastle  grit,  Bramley 
Fall,  Dumfries,  Red  Mansfield,  &c,  the  travel  of  the  table  is 
y1^  inch  for  each  operation  of  a  Z  or  finishing  cutter.  With  a  chuck 
of  six  cutters  working  in  three  steps,  there  are  two  Z  cutters : 
therefore  the  table  travels  }j  inch  for  each  revolution  of  the  chuck, 
or  36  in.  per  min.,  if  the  chuck  makes  321  revolutions  per  min. 

If  a  stone  2  ft.  6  in.  wide  and  4  ft.  G  in.  long  were  to  be.  dressed, 
a,  breadth  of  about  9  in.  on  each  side  would  first  be  taken,  and  then  a 
middle  cut  of  12  in.  would  finish  it.  Each  cut  would  take,  including 
the  time  occupied  in  raising  or  lowering  the  chuck,  about  3  min.,  or 
say  10  min.  for  the  whole  stone,  which  has  a  superficial  area  of 
11^  sq.  ft. ;  this  is  at  the  rate  of  about  65  sq.  ft.  per  hour. 

With  stones  12  to  14  in.  wide,  which  can  be  dressed  in  one 
breadth,  50  lineal  feet  are  passed  through  and  finished  per  hour ;  and 
much  more  might  be  done,  if  the  machine  were  kept  well  supplied 
with  stone.  The  labour  connected  with  a  machine  doing  this 
amount  of  work  is  performed  by  three  men  and  a  boy. 

In  order  to  produce  a  good  arris,  the  axis  of  the  chuck  must  be 
raised  or  lowered,  so  as  to  be  two  or  more  inches  above  the  top 
or  below  the  bottom  arris,  as  shown  in  Fig.  6,  Plate  25,  at  E 
and  F  respectively;  and  the  stone  should  travel  in  such  a  direction 
that,  the  rotation  of  the  chuck  continuing  always  in  the  same 
direction,  the  cutters  shall  be  running  off  the  arris,  and  not  on  to  it, 
in  the  way  shown  by  the  arrows  at  e  and  /. 

A  few  words  will  suffice  to  describe  the  general  construction  of  the 
whole  machine,  Figs.  3  and  4,  Plates  24  and  25.  S  is  the  standard, 
having  vertical  planed  faces,  against  which  the  saddle  T  is  held  by 
ordinary  slides.  This  saddle  is  raised  or  lowered  by  the  screw  U, 
which  is  actuated  by  the  pulleys  PP.  A  is  the  chuck :  the  hollow 
chuck-shaft  C  is  carried  in  bearings  in  a  cylinder  contained  in  the 
saddle  T.  The  axis  of  C  is  tilted  or  inclined  to  the  axis  of  the 
cylinder  to  the  extent  of  -Jy  inch  in  the  foot,  so  as  to  give  to  the 
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chuck,  and  to  the  plane  of  rotation  of  the  cutters,  a  slight  inclination 
to  the  face  of  the  dressed  stone,  for  the  purpose  of  back  clearance. 
The  cylinder  can  be  turned  round  in  the  saddle  by  means  of  the 
handles  L,  so  as  to  alter  the  direction  of  this  inclination  or  tilt ; 
and  it  can  be  moved  out  or  in,  so  as  to  regulate  the  depth  of  cut 
to  be  taken  off  the  stone.  When  the  saddle  and  chuck  are  set 
for  the  work,  the  saddle  is  clamped  fast  to  the  standard  by  a 
turn  of  the  screws  M  M,  and  the  cylinder  to  the  saddle  by  the 
screws  N  N :  this  secures  rigidity.  G  is  the  central  shaft,  passing 
through  the  hollow  shaft  C,  Fig.  1.  On  G  is  keyed  the  central 
bevel-wheel  F,  by  which  the  absolute  rotation  is  given  to  the 
cutters.  Q  is  the  table  on  which  the  stone  to  be  dressed  is  fixed. 
E  R  are  worms  which  gear  into  a  rack  under  the  table,  and  impart 
motion  to  it,  being  driven  by  the  intermediate  gearing  V  from  the 
main  driving  pulleys.  Two  working  speeds  of  travel  in  each 
direction  are  provided  for,  as  well  as  quick  return  speeds. 


Discussion. 

Mr.  Trier  wished  to  add  that  one  of  the  great  difficulties  in 
connection  with  this  machine  was  not  merely  the  dressing  but  the 
supplying  the  machine  with  sufficient  stone.  To  facilitate  this, 
"three  worms  were  used,  one  under  the  middle  of  the  table  and  one 
at  each  end,  with  corresponding  worm  rack  under  the  table.  The 
table  was  also  provided  with  six  small  wheels,  which  ran  on  rails 
leading  to  and  from  the  machine ;  and  the  arrangement  included 
cross-trollies  at  both  ends,  and  a  return  track.  Thus  several  tables 
could  be  employed  :  as  soon  as  the  stone  was  finished,  the  table  was 
run  forward,  the  stone  taken  off,  and  the  empty  table  brought  round 
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by  the  return  track,  ready  to  receive  another  stone,  and  enter  the 
machine  again.  For  dressing  flag-stones  they  had  had  nine  tables 
running  constantly,  and  the  machine  ran  for  two  hours  without 
stoppage.  With  flag-stones  the  edges  were  not  dressed  by  the 
machine  at  all,  but  squared  on  the  spot  where  they  were  to  be  used, 
because  of  the  danger  of  breakage  in  carriage. 

There  was  also  another  refinement  to  be  mentioned,  namely  that 
the  pinion  on  the  spindle  of  each  cutter  was  not  keyed  to  the  spindle,, 
but  it  carried  a  clutch,  which  entered  into  a  corresponding  clutch  on 
a  ring  keyed  to  the  spindle,  as  shown  at  JJ  in  Figs.  1  and  2,  Plate  24, 
In  that  way,  if  the  cutter  happened  to  be  running  rather  too  slow, 
there  was  play  enough  between  the  chocks  of  the  clutches  to  allow  it  to 
be  accelerated  by  contact  with  the  stone.  It  could  thus  gain  upon 
the  driving  pinion  to  the  extent  of  an  angle  of  60° :  but  as  soon  as  it 
left  the  stone  it  would  begin  to  lose  its  quicker  speed  ;  the  pinion 
would  then  overtake  it  and  continue  its  motion  at  the  old  rate. 
But  each  time  it  came  on  to  the  stone  it  would  be  accelerated  again 
for  the  moment. 

The  President  asked  if  the  machines  had  been  used  for  dressing 
millstone  grit,  or  any  stone  of  equally  difficult  character. 

Mr.  Trier  said  there  was  one  machine  constantly  at  work  on 
Newcastle  grit :  cast-iron  cutters  were  used  there,  and  the  wear  was 
very  slight.  The  wear  was  very  much  greater  with  granite,  the 
cohesion  of  the  stone  being  so  much  higher.  The  length  of  time  a 
cutter  would  work  on  granite  without  sharpening  varied  very  much, 
not  only  according  to  the  character  of  the  granite,  but  according  to 
the  number  of  cutters  in  the  chuck.  As  a  rule  they  were  changed 
after  finishing  from  10  to  16  sq.  ft. 

The  President  asked  whether  that  was  with  granite  taken  fresh 
from  the  quarry. 

Mr.  Trier  said  that  made  no  great  difference.  The  granite  he 
referred  to  was  old,  having  lain  about  for  a  long  time. 
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Mr.  T.  E.  Crampton  asked  if  there  were  any  reliable  data  as  to 
the  relative  cost  of  hand-labour  and  of  the  machine,  under  fair 
circumstances. 

Mr.  Trier  said  there  had  been  several  trials  on  this  head.  The 
machine  had  been  employed  in  the  enlargement  of  Stonyhurst  College 
in  Lancashire  :  there  the  cost  of  dressing  by  hand  a  square  foot  of  the 
stone  was  about  6d.,  and  with  the  machine  about  2d.  That  was  with  a 
good  straight  run  of  work,  the  machine  being  on  the  spot  where  the 
stone  was  to  be  dressed,  and  the  stone  being  brought  up  to  it  and 
taken  away  from  it  with  regularity.  That  stone  was  a  hard  gritstone  : 
with  granite  the  saving  would  be  much  greater.  The  cost  given 
included  labour  in  attending  the  machine,  coal,  interest  on  capital, 
and  everything  else. 

Mr.  E.  Price  "Williams  enquired  where  any  of  the  machines 
could  be  seen  working  on  granite ;  and  whether  anything  but  plane 
surfaces  could  be  dealt  with  by  the  cutters. 

Mr.  Trier  said  that  in  Paris  a  large  machine  bad  been  working 
on  granite  for  six  months  ;  and  one  was  now  being  made  to  be  sent  to 
Aberdeen  for  Mr.  Fyfe.  With  the  machine  shown  in  the  drawings, 
nothing  but  plane  surfaces  could  be  dressed  ;  but  the  paper  contained 
a  short  description  of  lathes  for  turning  granite  columns. 

Mr.  Price  Williams  asked  if  simple  plinth  work  could  be  done, 
or  if  there  would  be  any  difficulty  in  cutting  out  a  panel,  for  instance, 
in  a  stone. 

Mr.  Trier  said  that  very  small  chucks  could  be  constructed  for 
the  purpose  of  cutting  large  panels,  but  entrance  would  have  to  be 
made  by  hand  first. 

Mr.  Brtjnton  said  that  their  lathes  for  turning  granite  had  been 
in  use  for  some  years.  Nearly  all  the  columns  now  made  were  turned 
in  them.    They  were  used  by  Messrs.  Macdonald  Field  &  Co.,  Messrs. 
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Wright  of  Aberdeen,  Ac.;  and  especially  by  Messrs.  Freeman  of 
Cornwall  (at  whose  works  at  Penryn  they  were  seen  by  the  members 
at  the  time  of  the  Cornwall  Meeting,  Proc.  1873,  p.  152).  He  had  had 
a  machine  for  flat  surfaces  at  work  on  granite  at  Aberdeen  some  time 
ago ;  but  it  was  not  found  to  be  strong  enough,  and  it  would  be 
used  for  softer  stone.  A  machine  of  a  much  more  massive  character 
was  now  in  hand.  They  had  not  at  first  realised  what  was  required 
in  the  way  of  massiveness.  It  was  not  a  question  of  strength  but  of 
absolute  solidity,  to  prevent  anything  approaching  spring  in  the  tool 
when  at  work.  The  machine  in  Paris  was  working  satisfactorily  on 
granite,  and  they  would  increase  even  upon  its  massiveness  for 
Aberdeen.  The  Paris  machine  dressed  millstones  5  ft.  diam.  and  4  in. 
thick,  that  were  used  for  grinding  chocolate  &c. ;  probably  some  of 
them  were  for  M.  Menier's  works.  It  had  been  found  very  difficult 
to  dress  those  stones  to  perfectly  parallel  faces  by  hand  :  but  a  face  of 
that  sort,  5  ft.  in  diameter,  was  dressed  in  one  pass  through  the  machine 
in  thirty  or  thirty-five  minutes.  Including  the  taking  away  of  the  stone, 
the  changing  of  the  cutters,  and  other  things  connected  with  them, 
one  face  was  dressed  every  hour,  whereas  a  man  would  take  about  five 
days.  The  area  was  17  sq.  ft.,  and  it  required  a  very  good  man  to 
do  2;V  sq.  ft.  a  day ;  so  that  in  saying  five  days  he  was  within  the 
mark. 

Mr.  M.  Powis  Bale  said  it  was  stated  on  p.  130  that  the 
circumferential  velocity  of  the  cutters  was  about  2000  ft.  per 
minute.  He  presumed  that  with  different  classes  of  stone  tbe  speed 
would  vary  considerably.  Perhaps  the  author  could  give  the  speed 
of  the  cutters  acting  on  different  stones,  the  angles  of  the  cutters 
themselves,  and  also  the  angles  at  which  the  cutters  acted  on  the 
stone,  which  were  probably  different  for  different  classes  of  stone. 
In  his  experience  of  manufacturing  stone-working  machinery,  the 
objection  to  many  machines,  where  there  was  a  large  number  of 
cutters  at  work  together,  was  that  they  varied  in  wear.  He  should  be 
glad  to  know  whether  the  author  had  experienced  any  difficulty  in 
that  way :  that  is,  whether  with  a  large  number  of  cutters  the  work 
produced  was  sometimes  unequal.   Thus,  if  there  were  six  cutters,  one 
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might  be  softer  in  its  nature  than  the  other  five  ;  it  would  wear  faster, 
and  then  not  only  would  the  others  have  more  to  do,  but  the  work 
would  not  be  so  good,  especially  if  it  was  a  finishing  cutter  that 
failed. 

Mr.  Brunton  said  they  had  tried  various  angles  for  the 
inclination  of  the  cutter  to  the  stone.  They  began  with  22°,  and 
went  up  to  30°,  and  they  found  that  even  then  they  had  a  face 
pressure  greater  than  they  liked.  They  then  adopted  45°  as  a 
good  working  angle ;  and,  as  far  as  their  present  experience  had 
gone,  they  had  not  found  any  reason  to  alter  it  with  any  kind  of 
stone.  They  had  worked  with  it  upon  Portland  stone,  French  burr, 
granite,  all  kinds  of  grit,  and  hard  limestone,  and  they  had  found  it 
answer  very  well  for  them  all. 

With  regard  to  the  speed,  he  could  only  say  the  faster  the 
better ;  but,  as  they  were  all  aware,  there  were  mechanical  difficulties 
in  the  way  of  getting  up  enormous  speeds :  therefore  when  they 
had  a  speed  of  300  or  400  revolutions  per  minute  for  the  chuck  they 
were  satisfied.  That  would  give  about  2000  ft.  per  minute  of 
circumferential  velocity  in  the  cutter. 

As  to  variation  in  wear,  it  was  true  that  if,  as  in  the  case  of  a  chuck 
with  six  cutters,  there  were  two  finishing  cutters,  and  one  of  them  was- 
altogether  too  soft,  it  would  leave  the  other  to  do  all  the  finishing 
work;  and  if  the  stone  were  examined,  it  would  be  seen  that  thc- 
marks  were  not  quite  equal,  and  the  work  would  not  be  so  perfect. 
That  however  was  an  accidental  thing  that  seldom  happened. 
Generally  the  cutters,  being  made  of  chilled  iron,  were  very  uniform  ; 
and  they  had  rarely  any  complaint.  The  effect  of  any  slight  wear 
of  one  cutter  more  than  another  was  very  trifling,  and  was  really 
invisible.  Again,  if  there  were  a  soft  place  in  a  cutter,  it  would 
never  come  round  twice  to  the  same  spot ;  so  that  the  effect  was  not 
perceptible.  Practically  it  was  found  that  the  surface  produced  by 
the  machine  was  finer  than  anything  that  could  be  produced  uj>on 
stone  except  by  rubbing.  No  hand-labour  that  could  be  expended 
upon  it  could  produce  anything  like  the  perfection  of  the  face,  or 
of  the  arrises. 
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Mr.  Trier  observed  that  the  angle  between  the  two  faces  of  the 
cutting  edge  varied  considerably  with  the  hardness  of  the  stone. 
They  had  sometimes  used  an  angle  of  90°;  but  in  general  they  gave 
the  roughing  cutters  an  angle  of  70°,  whilst  with  the  finishing  cutter 
it  was  possible  to  use  a  much  more  acute  edge,  down  to  20°. 

Mr.  J.  W.  Cole  asked  whether  the  machines  had  been  used  for 
dressing  French  burr  stones  ;  and  if  so,  where  they  could  be  seen 
at  work,  and  what  success  had  been  achieved.  Had  they  been 
employed  not  only  to  shape  the  stones,  but  also  to  cut  the  radiating 
grooves  technically  known  as  the  dress  ? 

Mr.  Brunton  said  that  one  of  the  machines  was  at  work  in 
France  at  St.  Jouarre,  where  a  vast  number  of  French  burr  millstones 
were  made,  and  they  were  cut  with  the  machine  perfectly  well. 
There  was  nothing  so  hard  as  the  French  burr,  and  the  cutters  could 
take  half  an  inch  at  once  off  these.  A  great  speed  was  required 
— the  greater  the  better.  A  slow  machine  would  not  succeed  at  all 
on  such  stone.  They  got  a  cutter  circumferential  speed  of  2,500  feet 
per  minute,  and  yet  they  never  saw  a  spark,  and  the  cutters  did  not 
heat.  The  practical  difficulty  was  that  the  burr  stones  were  so  small 
and  irregular  in  their  form,  almost  like  nodules,  that  it  was  very 
hard  to  fix  them  solidly  in  order  to  cut  them.  He  was  speaking 
merely  of  putting  a  smooth  surface  on  the  millstones,  not  of  dressing 
them  with  the  grooves,  which  had  not  been  attempted. 

The  President  proposed  a  vote  of  thanks  to  the  authors  for 
their  interesting  paper,  which  was  passed  unanimously. 
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ON  THE  FARQUHAR  FILTERING  APPARATUS. 


By  Mr,  HENRY  CHAPMAN,  of  London. 


The  main  cause  of  the  present  difficulties  experienced  in  the 
disposal  of  the  sewage  of  large  towns,  is  the  failure  to  obtain  an 
economic  system  of  pure  filtration  for  such  enormous  volumes  of 
liquid.  This  is  proved  by  the  fact  that,  out  of  the  numerous 
filtering  processes,  both  mechanical  and  chemical,  that  have  been 
tried,  not  one  has  been  generally  adopted  ;  and  even  such  important 
centres  of  civilisation  as  London  and  Paris  continue  to  have  their 
rivers  polluted,  and  the  health  of  their  inhabitants  injuriously  affected, 
by  the  unfiltered  sewage. 

The  reason  of  the  failure  of  the  various  mechanical  processes  is 
easy  of  explanation.  In  all  mechanical  filters,  whether  by  canvas 
discs,  bags,  cloths,  or  sand  or  other  granular  beds,  the  impure  liquid 
is  pressed  against  a  porous  material,  the  surface  of  which  must  be 
sufficiently  fine  to  arrest  the  solid  impurities,  and  allow  only  the  pure 
liquid  to  pass  away.  When  these  solid  impurities  are  of  a  slimy 
nature,  as  in  sewage,  the  deposit  on  the  filtering  surface  quickly 
becomes  so  impervious  that  the  liquid  is  prevented  from  passing 
through  it  to  the  filtering  surface,  even  though  great  pressure 
be  employed.  The  filtering  operation  consequently  soon  comes  to 
an  end,  and  cannot  be  resumed  until  this  deposit  has  been  removed. 

Owing  to  these  repeated  stoppages  for  cleansing,  at  short  intervals, 
such  an  immense  amount  of  manual  labour,  and  such  a  large  number 
of  spare  machines,  or  cloths,  or  filter-beds  are  required,  to  filter  the 
sewage  even  of  a  small  town,  as  render  the  cost  of  the  filtration 
quite  disproportionate  to  the  advantages  to  be  obtained  by  it. 

It  is  therefore   evident  that,  for  a  system  of  sewage   filtration 
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to    be  successfully  employed    in    an    economic  point    of  view,  it  is 
absolutely  necessary  that  these  frequent  stoppages  he  avoided. 

The  principle  of  the  Farqubar  Filter  is  that  of  the  continuous 
removal  of  the  solid  or  slimy  matters  held  in  suspension  in  the 
liquid  to  be  filtered,  as  they  become  deposited  on  the  surface  of  a 
filter-bed  during  the  process  of  filtration.  The  surface  being  thus 
continually  freed  from  obstruction,  rapid  and  continuous  filtration 
is  obtained. 

Description  of  the  3IacJtine  and  Process. 

The  filter-bed  F,  Fig.  1,  Plate  26,  which  is  composed  of  sawdust 
or  sand  or  powdered  cinders  or  other  suitable  granular  material, 
is  contained  in  the  closed  cylinder  W,  and  rests  upon  a  coarse 
canvas  or  cloth,  which  is  itself  supported  by  a  perforated  plate, 
resting  on  a  strong  grating  U  at  bottom  of  the  cylinder  W. 

The  liquid  to  be  filtered  is  forced  into  the  filter  at  the  nozzle  A, 
and  passes  down  through  the  hollow  screw  spindle  B  direct  to  the 
underside  of  the  cutter-plate  S,  where  it  is  distributed  uniformly 
through  the  three  radial  channels  CC,  Fig.  2,  over  the  surface  cf  the 
filter-bed  F.  The  filtered  liquid  passes  down  through  the  filter-bed, 
leaving  all  its  solid  impurities  on  the  upper  surface,  and  finally  issues 
from  the  pipe  X. 

During  the  process  of  filtration,  the  cutter-plate  S  is  made  to 
revolve  by  means  of  the  pulley  L  and  the  bevel  gearing  attachedj 
Fig.  1 ;  and  when  desired  is  also  caused  to  descend  at  any  speed 
required,  irrespective  of  its  speed  of  revolution,  by  means  of  the 
feed-motion  G. 

In  some  cases  the  solid  matters  held  in  suspension  in  the  liquid 
to  be  filtered  are  of  a  chalky  nature,  a  thin  deposit  of  which  forms  of 
itself  a  good  filtering  medium.  In  these  cases  it  is  only  necessary  to 
revolve  the  cutter-plate  continually  over  the  surface  of  the  filter-bed 
in  the  cylinder  W,  and  not  to  cause  it  to  descend.  The  accumulating 
deposit  will  then  be  continually  ecrajjed  off,  and  forced  up  the 
inclined  plane  of  the  saw-edged  knife  K,  Figs.  1,  2,  and  4,  on  to  the 
top  surface  of  the  cutter-plate  S,  the  under  surface  of  which  will 
always  be  kept  free;  and  the  supply  of  liquid  will  thus  be 
continually  in  direct  contact  with  the  surface  of  the  filter-bed. 
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In  other  cases  the  solid  matters  held  in  suspension  in  the  liquid 
to  he  filtered  are  of  a  slimy  nature,  a  thin  deposit  of  which,  if  left  on 
the  surface  of  the  filter-hed,  would  stop  the  filtration.  In  these 
cases  it  is  necessary  to  cause  the  cutter  to  descend  as  well  as  to 
revolve,  so  that  at  each  revolution  of  the  cutter  a  very  thin  layer 
of  the  granular  filter-bed  will  be  cut  up  and  scraped  off,  together 
with  the  slimy  deposit  adhering  to  it :  thus  producing  at  each 
revolution  of  the  cutter  a  clean  filtering  surface  on  the  filter-bed, 
and  practically  starting  a  new  filter. 

The  speeds  of  the  revolving  and  descending  motions  of  the 
cutter-plate  are  determined  by  the  amount  of  deposit  required  to  be 
removed  from  off  tho  surface  of  the  filter-bed  in  a  certain  time. 

When  the  cutter-plate  has  descended  to  within  two  or  three  inches 
from  the  bottom  of  the  filter-bed,  the  descending  motion  of  the  cutter- 
plate  stops  automatically.  The  operation  is  then  at  an  end,  and 
the  main  portion  of  the  filter-bed,  which  at  the  commencement  of  the 
operation  was  underneath  the  cutter-plate,  will  now  be  on  the  top  of 
the  cutter-plate,  and  intimately  mixed  with  the  solid  impurities  which 
it  has  arrested.  If  desired,  the  liquid  remaining  in  the  filter-bed 
at  the  end  of  the  operation^  can  be  expelled  at  the  pipe  X,  by  means 
of  compressed  air  forced  into  the  filter  through  the  centre  pipe  B. 

To  remove  the  fouled  filter-bed,  it  is  necessary  first  to  unbolt  the 
cover  Q,  Fig.  1,  and  to  raise  it  to  the  position  shown  by  the  dotted 
lines,  where  it  is  held  suspended  by  chains  passing  over  pulleys  and 
having  counterbalance  weights;  attached ;  the  loose  collar  N  being 
provided  to  prevent  the  packing  in  the  stuffing-box  from  becoming 
disturbed  by  the  thread  on  the  screwed  portion  of  the  spindle  B. 
Then,  by  means  of  the  reversing  gear  B,  the  cutter-plate,  which 
may  have  taken  many  hours,  or  even  several  days,  to  descend  to  the 
bottom  of  the  filter-bed,  can  be  made  to  revolve  in  a  contrary 
direction,  when  it  will  quickly  ascend  the  full  pitch  of  the  screw 
at  each  revolution,  and  the  fouled  filter-bed  will,  in  a  few  minutes 
only,  be  automatically  discharged  over  tho  top  of  the  cylinder  W. 
The  cutter-plate  and  the  cover  Q  together  are  then  raised  to  a 
suitable  height  above  the  cylinder  W,  so  as  to  allow  of  the 
cylinder  being  cleansed,  and  a  fresh  filter  bed  placed  therein  ready 
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for  another  process.     The  whole  of  the  ahove  operation  for  a  large 
machine  should  not  exceed  one  hour. 

From  the  above  it  will  he  seen  clearly  that  each  time  the  cutter 
or  scraper  of  the  cutter-plate  removes  the  solid  impurities,  and  thereby 
frees  the  surface  of  the  filter-bed  from  the  impurities  which  would 
otherwise  choke  the  filter  and  stop  the  filtration,  a  fresh  filter  is,  to 
all  intents  and  purposes,  created.  Thus  it  is  evident  that  the 
removal  of  a  thousand  choked  filtering  surfaces,  during  one  continuous 
process,  is  practically  the  creation  of  a  thousand  fresh  clean  filters. 

Results  of  Working. 

The  length  of  time  during  which  one  filter-bed  continues  to  filter 
depends  upon  the  amount  and  nature  of  the  solid  impurities  held  in, 
the  liquid,  and  the  depth  of  the  filter-bed.  The  pressure  required 
in  the  liquid  also  depends  upon  its  nature,  and  upon  the  speed  of 
filtration  desired.  On  these  points  the  following  summary  of 
experiments  made  in  France  will  furnish  a  safe  guide  for  calculations. 

The  filter-bed  used  during  these  experiments  was  only  25' 
centimetres  (9^  in.)  in  diameter,  and  25  centimetres  in  depth. 

(1)  At  "  Les  Jardins  d'Essai  des  Travaux  de  Paris,"  Asnieresr 
near  Paris,  experiments  were  made  on  27th  August  1880,  in  the 
presence  of  M.  Buffet,  Ingenieur-en-chef  des  Pouts  et  Chaussees,  and 
of  Messrs.  Durand-Claye  and  Locquet.  The  "  eau  des  egouts,"  or 
town  sewage,  was  filtered  perfectly  bright  and  continuously  at  an 
average  speed  of  6*25  litres  (1-375  gallon)  per  minute,  with  a 
pressure  of  liquid  equal  to  one  atmosphere.  When  the  pressure  was 
increased  to  lh  atm.,  the  speed  was  8  litres  (1'761  gallon)  per  minute. 

(2)  At  the  Depotoir  des  Travaux  de  Paris,  La  Villete,  Paris, 
experiments  were  made  on  7th  October  1880,  in  the  presence  of  M. 
Duval,  manager  of  the  Depotoir,  and  his  assistants.  On  this  occasion 
the  "  eau-vanne,"  or  night  soil,  was  filtered  perfectly  bright  and 
continuously  at  the  rate  of  1-50  litre  (0*33  gallon)  per  minute,, 
with  a  pressure  of  liquid  equal  to  one  atmosphere. 

This  is  admitted  to  be  the  most  difficult  of  all  liquids  to  filter. 
It  has  never  been    filtered  continuously,   previous    to    the   above 
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experiment,  and  its  filtration  is  one  of  the  burning  questions  of  the 
day  on  the  Continent.  It  was  then  proved,  to  the  satisfaction  of 
the  engineers  and  officials  appointed  by  the  French  Government  to 
superintend  these  experiments,  that  the'  machine  was  capable  of 
separating  the  solid  from  the  liquid,  and  that  satisfactory  filtration 
was  obtained,  as  shown  by  the  samples  taken,  which  are  now  in  the 
laboratory  of  the  Ponts  et  Chaussees.  And  further,  MM.  Duval  and 
Durand-Claye  state,  with  reference  to  the  experiment  on  the  "  eaux- 
vannes,"  that  "at  the  beginning  of  the  operation  the  filtering  bed 
was  25  centimetres  deep,  and  at  the  end  was  only  75  millimetres 
(3  in.)  deep,  and  the  liquid  still  passed  out  dear." 

In  order  to  demonstrate  practically,  before  the  officials,  the  great 
advantage  of  the  continual  removal  of  the  choked  surfaces,  the  rotary 
motion  of  the  cutter-plate  was  stopped  in  the  middle  of  the  above 
experiments,  when  the  knife  on  the  cutter-plate  consequently  ceased  to 
scrape  off  and  remove  the  impurities  from  the  surface.  Directly  this 
took  place  the  filtration  rapidly  diminished  in  volume,  and  in  a  few 
minutes  it  was  totally  arrested,  though  the  same  pressure  of  liquid 
on  the  filter-bed  was  maintained.  The  cutter-plate  was  then  made 
again  to  revolve,  and,  as  soon  as  the  choked  surface  was  cut  off  and 
forced  up  the  knife  on  to  the  top  of  the  cutter-plate,  the  filtration 
took  place  as  rapidly  as  at  the  beginning  of  the  experiment. 

(3)  At  the  Sugar  Works  of  the  Compagnie  de  Fives-Lille,  at 
Coulommiers,  experiments  were  made  in  the  presence  of  M.  H. 
Pellet,  chemist  to  the  Compagnie  de  Fives-Lille,  and  of  the 
manager  and  engineers  of  the  works.  Beet  sugar  juice  was  filtered 
perfectly  bright  and  continuously  by  the  model  machine,  with  bed 
9|in.  diameter,  at  the  rate  of  8  litres  (1-761  gallon)  per  minute,  with 
a  pressure  of  liquid  equal  to  two  atmospheres.  The  filtration  was 
continued  for  the  space  of  four  hours,  and  could  have  been  continued 
for  four  hours  longer,  without  changing  the  filter-bed  or  stopping 
the  process,  had  it  been  desired. 

The  filtration  was  pronounced  by  the  chemist,  M.  Pellet,  to 
be  perfectly  pure,  in  fact  as  pure  as  if  it  had  been  made  through 
blotting  paper,  and  much  better  than  the  average  filtration  obtained 
from  their  ordinary  press   filters.      M.  Pellet   also   stated   that   he 
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saw  no  reason  why  a  machine  could  not  be  constructed  to  filter 
continuously  fur  four  days.  Their  ordinary  press  filters  act  for 
only  two  hours  and  a  half,  after  which  they  have  to  be  taken  to  pieces. 

The  Compagnie  de  Fives-Lille,  who  have  acquired  the  right  to 
manufacture  these  machines  in  France,  are  now  constructing  a  largo 
apparatus. 

(4)  River  water  having  clay  and  slimy  matters  in  suspension, 
such  as  choke  up  all  ordinary  filters,  is  filtered  perfectly  bright  and 
continuously  by  the  model  machine,  having  a  filtering  area  of  only 
25  centimetres  (9  J  in.)  diameter,  at  a  rate  exceeding  10  litres, 
or  2  •  2  gallons,  per  minute,  under  a  pressure  of  one  atmosphere  only. 
Under  a  pressure  of  two  atmospheres,  the  speed  of  filtration  would  no 
doubt  be  greatly  increased. 

Applications. 

Sewage. — In  this  country  there  is  no  such  difficult  liquid  to  filter 
as  the  "eaux-vannes,"  which,  according  to  French  Government 
engineers,  contain  about  twice  as  much  solid  matter  as  the 
ordinary  sewage  here.  For  this  difficult  liquid,  and  also  for  sewage, 
ordinary  sawdust  is  found  to  be  the  best  material  of  which  to 
make  the  filter-bed.  Owing  to  its  light,  elastic,  and  absorbent 
nature,  it  readily  takes  up  and  retains  about  eight  times  its  own 
weight  of  the  impurities  arrested.  It  is  very  cheap,  easily  obtainable 
in  large  quantities,  and,  when  surcharged  with  sewage  matter,  forms  a 
valuable  manure.  It  is  however  by  no  means  necessary  to  the 
process  that  sawdust  only  should  be  used.  If  desired,  powdered 
cinders  or  fine  sand,  both  of  which  are  valuable  for  clay  lands, 
especially  when  mixed  in  the  solid  sewage,  can  be  employed. 

In  the  experiment  at  Asnieres  before  mentioned,  the  sewage  was 
filtered  in  the  same  black  state  in  which  it  came  direct  from  the  main 
sewers  of  Paris ;  but  before  filtering  the  "  eaux-vannes "  it  was 
found  advisable  to  mix  a  small  quantity  (only  3  per  cent.)  of  lime  with 
the  thick  slimy  liquid  previous  to  filtration,  as  thereby  greater  speed 
was  obtained  than  when  filtered  in  its  natural  condition. 

A  very  important  advantage  of  this  process  for  sewage  is  the  solid 
condition,  at  the  end  of  the  operation,  of  the  residuum  absorbed  by 
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the  filter-bed.  If,  at  the  end  of  the  operation,  the  remaining  liquid  in 
the  bed  is  expelled,  by  means  of  compressed  air  introduced  into  the 
cylinder  through  the  hollow  screw  spindle,  previous  to  taking  off"  the 
cover,  the  filter-bed  and  residuum  form  together  a  solid,  and  of  course 
valuable,  cake  of  manure,  ready  to  be  conveyed  at  once  by  road  or 
rail  to  any  part  of  the  country,  without  having  previously  to  undergo 
a  drying  process,  with  its  great  expense  and  serious  objection  in  a 
sanitary  point  of  view. 

The  cost  of  filtering  the  sewage  of  towns  by  this  process  should 
be  nil,  as  it  is  computed  that  it  will  be  fully  covered  by  the 
price  to  be  obtained  from  the  sale  of  the  sewage  cake  as  manure. 
The  speed  of  filtering  the  sewage  at  Asnieres  by  the  model  machine, 
as  already  stated,  was  8  litres  or  say  1  ■  761  gallon  per  mimite,  through 
an  area  of  9|  in.  diameter,  and  with  lh  atm.  pressure.  Therefore  the 
speed  through  one  square  foot  area  is  3  •  31  gallons  per  minute  ;  and  an 
apparatus  10  ft.  in  diameter  would  filter  2G0  gallons  per  minute, 
or  say  371.400  gallons  per  day  of  21  hours.  As  the  time  occupied 
between  the  stopping  of  one  operation  and  the  commencement  of 
another,  in  emptying  the  filter  and  renewing  the  bed,  should 
not  exceed  one  hour,  it  will  be  easy  to  estimate  the  number  of 
machines  that  would  be  required  to  filter  any  given  quantity  of 
sewage  to  be  operated  on  per  diem. 

Water  Works. — For  this  purpose  the  apparatus  will  prove  of 
great  value.  Firstly,  from  an  economic  point  of  view,  the  large 
filtering  areas  now  employed,  together  with  the  necessary  spare  filter 
beds,  all  of  which  occupy  much  valuable  land,  would  be  dispensed 
with.  Secondly,  from  a  sanitary  point  of  view,  the  water  would  not  be 
exposed  in  large  surfaces  to  the  unhealthy  action  of  the  atmosphere, 
in  or  near  large  and  densely  populated  cities.  Lastly  and  chiefly,  the 
filtration  by  this  process  has  been  proved  to  be  much  purer  than 
anything  obtained  by  the  ordinary  processes  of  filtration  ;  in  fact, 
again  to  quote  the  words  of  M.  Pellet,  "  the  filtration  was  as  pure  as 
if  it  had  been  made  through  blotting-paper,"  which  is  the  recognised 
test  of  pure  filtration. 

In  all  the  experiments  referred  to,  samples  of  the  filter-bed  were 
carefully  taken  after  the  filtration  was  finished ;  and  it  was  found,  in 
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each  case,  that  the  portion  of  the  filter-bed  which  had  been  cut  up 
during  the  process  of  filtration  was  intimately  mixed  with  the  solid 
and  slimy  matters  which  it  had  arrested.  Also  that  the  portion  of 
the  filter-bed  which  had  not  been  cut  up  was  perfectly  clean  throughout, 
with  the  exception  of  its  top  surface  only,  which  was  coated  with  a 
thin  deposit  of  the  solid  impurities  :  thus  proving,  beyond  doubt,  that 
the  solid  impurities  did  not  penetrate  below  the  surface  of  the  filter- 
bed. 

With  a  view  to  give  some  comparison  between  the  cost  of  filtration 
with  this  process  and  with  that  employed  by  the  Metropolitan  Water 
Companies,  the  following  extract  from  one  of  the  official  reports  may 
be  taken  as  a  guide. 

Average  Eate  of  Filtration  per  square  foot  of  area  per  hour. 

New  River  Company 2 h  Callous. 

East  London  Company ' 11         „ 

South wark  aud  Vauxhall  Company 1£        „ 

West  Middlesex  Company ]  J        „ 

Grand  Junction  Company 2g         ,, 

Lambeth  Company 4  „ 

Chelsea  Company 2  ,, 

From  the  above  it  will  be  seen  that  the  average  rate  of  filtration 
is  approximately  2  gallons  per  square  foot  per  hour. 

Taking  the  speed  of  filtration  by  the  model  machine  (as  before 
referred  to)  at  10  litres  per  minute,  with  a  pressure  of  one  atmosphere 
only,  through  a  filtering  area  of  25  centimetres  (9£  in.)  diameter,  the 
quantity  per  square  foot  area  would  be  18*8  litres,  or  say  4 |  gallons 
per  minute,  or  247^  gallons  per  hour,  as  against  2  gallons  per  hour  by 
the  ordinary  process  now  employed.  From  this  calculation  it  follows 
that  one  machine  10  ft.  in  diameter  should  filter  466,530  gallons  per 
day  of  24  hours. 

The  construction  of  the  machine  being  exceedingly  simple,  its  first 
cost  should  not  form  a  large  item  ;  and  for  the  same  reason  the  cost  of 
maintenance  should  bear  but  a  small  proportion  to  the  amount  of 
work  done.  The  speed  of  filtration  in  this  machine  is  always  constant, 
and  no  difficulty  should  be  experienced  in  filtering  waters  containing 
fish-spawn  or  clay  matter  in  suspension ;  whereas  in  the  ordinary 
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sand  filters  the  filtration  diminishes  daily  as  the  surfaces  become 
choked,  especially  when  with  slimy  deposits.  The  washing  of  the 
filter-beds  can  be  performed  on  the  same  system  as  that  now 
employed  at  water  works. 

As  these  calculations  are  based  upon  the  results  obtained  with 
a  pressure  of  liquid  equal  to  one  atmosphere  only,  it  is  evident  that, 
if  a  greater  pressure  were  employed,  within  reasonable  limits,  an 
increased  speed  of  filtration  would  be  obtained,  and  this  without 
detriment  to  the  purity  of  the  filtration ;  as  was  proved  by  the 
experiments  at  Coulommiers,  where  a  pressure  of  two  atmospheres 
was  used. 

Manufactures. — It  will  readily  be  seen  that,  in  addition  to  water 
and  sewage,  this  automatic  self-cleansing  process  may  be  expected 
to  effect  a  revolution  in  all  kinds  of  filtration,  and  will  prove  of 
great  benefit  to  sugar-makers,  distillers,  brewers,  vinegar-makers, 
and  others  who  require  pure,  rapid,  continuous,  and  economic 
filtration.  It  entirely  supersedes  and  dispenses  with  the  use  of 
cloths  or  bags,  which  entail  a  considerable  annual  outlay,  and  which 
<do  not  produce  an  average  pure  filtration.  For  brewers  and  distillers 
it  would  be  specially  useful  in  filtering  the  refuse,  which  at  present 
contains  a  very  large  amount  of  good  liquid  that  is  practically 
wasted,  owing  to  the  inability  of  any  existing  system  to  filter  it 
continuously. 

Advantages  of  Sawdust  as  a  Filtering  Material, 

Taking  bulk  for  bulk,  it  has  been  found  that  the  following  great 
advantages  are  in  favour  of  sawdust,  as  against  sand  &c. : — 

1.  It  is  a  cheaper  commodity. 

2.  Its  cost  of  conveyance  is  not  a  serious  item,  as  it  is  with  sand. 

3.  Much  less  manual  labour  is  required  in  washing  sawdust, 
chiefly  on  account  of  its  lightness  and  portability. 

4.  It  produces  far  purer  filtration,  because  the  grains  of  sawdust, 
when  saturated,  pack  closely  together,  and  the  greater  the  pressure 
employed,  the  tighter  the  grains  become  knit  together,  which  cannot 
take  place  with  sand. 
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5.  More  than  three  times  as  much  liquid  is  filtered  in  a  given 
time,  by  this  process,  through  sawdust  as  through  the  same  hulk 
of  fine  sand.  The  reason  is  that  the  solid  impurities  are  arrested 
immediately  on  the  top  surface  of  the  sawdust,  and  are  therefore 
instantly  removed  by  the  cutter,  so  that  rapid  and  continuous  filtration 
ensues ;  whereas  with  sand  the  impurities  always  penetrate  some 
distance  below  the  top  surface,  owing  to  the  impossibility  of  making 
the  grains  of  sand  pack  close  enough  together,  even  under  great 
pressure.  In  fact  the  grains  of  sawdust  tightly  overlap  one  another 
under  pressure,  being  thus  equivalent  to  a  number  of  pressed  layers 
of  fine  cloths  or  blotting  paper ;  and  the  sawdust  bed  is  thus 
impervious  to  anything  but  pure  liquid. 

The  question  naturally  arises,  whether  sawdust  imparts  any 
flavour  to  the  filtered  liquid,  which  with  sugar  &c.  might  be  a 
disadvantage.  The  answer  is  that,  after  the  liquid  with  which  the 
sawdust  has  been  saturated  previous  to  filtration  has  been  expelled, 
no  flavour  from  the  sawdust  can  be  detected  in  the  filtered  liquid. 
The  reason  is  that  the  liquid  with  which  the  sawdust  was  saturated 
is  thoroughly  absorbed  into  the  loose  grains  of  the  sawdust  like  a 
sponge,  and  that  the  whole  of  this  liquid  is,  under  pressure,  squeezed 
out  of  the  grains,  carrying  with  it  the  greater  part  of  the  flavour  due 
to  the  sawdust.  The  sawdust  being  then  in  a  compressed  state,  the 
filtered  liquid  is  prevented  from  entering  into  the  interior  of  the- 
grains,  and  in  its  rapid  passage  between  the  grains  it  does  not  carry 
with  it  any  flavour  therefrom. 

In  all  cases  the  sawdust  must  be  saturated  with  some  clear  liquid, 
prior  to  making  the  filter  bed,  in  order  to  create  capillary  attraction 
equally  in  all  directions,  so  that  the  filtered  liquid  shall  flow  equally 
through  the  whole  of  the  bed. 

Repeated  tests  have  been  made  to  ascertain  whether  the  liquid  to  be 
filtered  drives  before  it  the  whole  of  the  liquid  used  in  the  saturation 
of  the  bed  prior  to  filtration.  This  has  always  been  proved  to  be  the 
case,  by  the  following  test.  The  amount  of  water  used  in  saturating 
the  bed  has  been  carefully  measured.  So  soon  as  this  quantity  had 
been  extracted,  and  not  till  then,  did  the  filtered  sewage,  or  sugar 
juice,  &c,  pass  out  of  the  machine. 
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In  conclusion  the  author  wishes  to  express  his  thanks  to 
Mr.  John  Frederick  Cooke  Farquhar,  and  Mr.  "Walter  Oldham,  the 
inventors  of  the  process,  for  the  assistance  given  in  preparing  this 
paper. 


Discussion. 

The  Secretary  said  that  Mr.  Chapman,  the  author  of  the  paper, 
was  unfortunately  prevented  from  being  present  by  an  important 
engagement  with  the  French  Government ;  but  Mr.  Farquhar  and 
Mr.  Oldham,  the  inventors  of  the  process  described,  were  present, 
and  would  take  his  place,  as  far  as  possible,  in  the  discussion. 

Mr.  T.  Hawksley,  F.E.S.,  might  be  able  to  give  the  members 
some  information  about  filter-beds ;  but  the  particulars  given  in  the 
paper  really  seemed  to  his  mind  so  incredible  that  he  should  like  to 
see  the  machine  and  study  its  operation  before  he  gave  any  opinion 
upon  it.  "With  regard  to  the  filtration  of  water  for  potable  purposes, 
undoubtedly  the  great  object  in  waterworks  was  to  filter  as  slowly 
as  possible,  and  not  as  fast  as  possible.  There  was  a  limit  fixed  at 
the  present  time  to  the  speed  of  filtration,  not  for  the  reason  that 
they  could  not  filter  faster,  but  for  other,  and  he  hoped  better 
reasons ;  and  this  limit  for  many  waters  was,  that  only  about 
50  gallons  should  pass  in  24  hours  through  each  square  foot  of  sand, 
2  or  2^  feet  in  depth.  Unless  they  limited  the  rate  of  filtration  in 
that  way,  the  water  was  not  perfectly  purified.  He  was  of  course 
speaking  hero  of  river  or  reservoir  water.  "With  regard  to  spring 
water  the  case  was  different.  They  did  not  generally  (though  they 
had  occasion  to  do  so  sometimes)  filter  spring  water  at  all.     But  with 
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river  or  reservoir  water,  if  they  did  not  leave  it  fur  a  long  time  in 
contact  with  the  sand,  the  very  fine  particles  of  matter  which  were 
associated  with  the  water  did  not  become  attracted  to  the  facets  of 
the  sand.  In  the  paper  it  seemed  to  be  assumed  that  all  those 
matters  were  deposited  on  the  surface  of  the  filter.  There  was  no 
greater  mistake.  When  the  water  had  to  bo  purified  to  make  it 
potable,  it  was  necessary  to  extract  those  fine  particles  wbich  by  a 
mere  mechanical  process  could  not  be  extracted  ;  and  the  operation 
of  filtration,  as  now  understood,  was  a  very  different  one  from  what 
it  was  formerly  supposed  to  be.  At  first  it  had  been  assumed  that 
the  process  was  purely  mechanical ;  whereas  it  was  anything  but 
mechanical.  The  fine  particles  not  dissolved  in  the  water,  and  some 
of  the  matters  actually  dissolved,  were  by  slow  filtration  attracted  to 
the  facets  of  the  sand,  and  there  remained ;  and  this  went  on  after 
the  water  had  passed  from  the  surface,  and  even  wben  it  had  reached 
some  considerable  depth  in  the  filter-bed.  Besides  that,  the 
vegetable  and  animal  organic  matters  became  burnt  up  to  a  very 
considerable  degree  by  the  process  of  oxidation  which  went  on 
within  the  filter  bed  itself.  It  was  a  process  of  combination  with 
the  oxygen  of  the  air  contained  in  the  water,  and  that  was  a  very 
slow  process.  But  with  the  machine  now  described  the  process  was 
so  rapid,  that  it  would  be  quite  impossible  to  accomplish  more  than 
the  mechanical  operation  of  detaining  sensibly  large  physical  particles 
on  the  surface  of  the  filter.  Therefore,  ingenious  as  the  process 
was,  he  had  very  little  hope  of  its  becoming  applicable  to  the 
purposes  of  waterworks. 

He  did  not  deny  however  that  for  the  detention  of  the  inuch 
thicker  and  slimier  matters  of  sewage  the  process  would  be  effective, 
though  he  was  afraid  it  would  prove  a  rather  costly  one  after  all.  He 
also  thought  that  it  might  be  applied  to  many  manufacturing  purposes — 
the  charcoal  process  in  the  purification  of  sugar,  for  instance.  There 
they  would  not  need  to  work  with  the  smallest  possible  pressure ; 
while  in  the  ordinary  filter-beds  of  waterworks  they  did  not  allow 
more  than  2  ft.  head  of  pressure  to  exist.  For  that  purpose  they 
bent  up  the  discharge  pipe  from  the  bottom  of  the  filter-bed  to  a 
height  which  was  only  2  ft.  below  the  level  of  the  water  on  the  top 
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of  the  filter-bed.  If  when  putting  on  a  new  filter-bed,  or  a  newly 
cleansed  filter-bed,  they  did  not  take  that  precaution,  the  water 
would  run  through  six  or  eight  times  as  fast  as  it  ought,  and  then 
they  found  it  was  imperfectly  filtered.  But  from  the  paper  it  would 
appear  that  the  water  in  this  process  was  to  run  thirty  or  perhaps 
fifty  times  as  fast  as  it  did  at  present ;  for  the  claim  in  the  paper 
was  that  a  very  large  operation  was  to  be  performed  in  a  very  small 
compass.  So  far  as  his  experience  went  in  the  treatment  of  water 
for  potable  purposes,  that  would  be  a  considerable  mistake ;  and 
hence  he  did  not  believe  that  the  process  would  be  successful  in  any 
such  application. 

Mr.  T.  E.  Crajiptox  said  that  the  process  proposed  for  dealing 
with  sewage  involved  complete  pumping  machinery  for  lifting  the 
sewage  against  the  pressure  of  1  atm.  or  more  within  the  machine. 
The  whole  expense  of  that  would  have  to  be  taken  into  consideration, 
but  it  was  not  mentioned  in  the  paper.  Even  in  the  case  of 
waterworks,  the  same  thing  would  have  to  be  done. 

Mr.  Hawksley  said  that  in  that  respect  there  was  nothing  new  in 
the  paper,  because  filtering  water  under  considerable  pressure  had 
been  the  subject  of  many  devices  for  the  last  thirty  or  forty  years. 
But  with  respect  to  the  continual  scraping  suggested,  which  was  very 
ingeniously  accomplished,  he  believed  the  method  was  new ;  though 
of  course  the  scraping  of  filter-beds  by  hand  labour  was  not.  With 
regard  to  the  material  used,  he  might  observe  that  sawdust  would  not 
answer  if  it  was  obtained  from  wood  containing  turpentine,  such  as 
pitch-pine  or  fir,  or  indeed  from  any  wood  capable  of  communicating 
taste  or  smell  to  the  water. 

Mr.  F.  Newman  wished  to  ask  the  author  whether  the  process  was 
applicable  to  the  following  case.  Suppose  there  was  a  water  supply 
to  a  town,  which  in  ordinary  circumstances  did  not  require  filtration, 
but  that  after  the  first  summer  rains  an  immense  amount  of  clay  was 
brought  down  in  suspension,  in  a  colloid  form.  In  the  special  case  he 
had  in  view,  in  South  America,  the  water  was  in  general  sufficiently 
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pure ;  it  had  been  analysed,  and  it  contained  only  from  four  to  six 
grains  of  impurity  per  gallon  ;  but  after  the  first  floods  it  contained  a 
great  deal  of  clay,  coming  from  large  argillaceous  deposits  in  the 
interior.  They  had  the  greatest  difficulty  in  separating  out  this  clay. 
The  water  had  to  remain  three  or  four  weeks  in  the  reservoir  to 
clarify  itself,  and  an  ordinary  sand  filter  would  be  choked  up  in  a 
day.  Mr.  G.  Higgin  had  presented  a  paper  to  the  Institution  of 
Civil  Engineers  on  the  purification  of  water  (Proc.  Inst.  C.E.,  vol. 
lvii.,  p.  272) ;  and  he  had  found  that  cinders  made  the  best  filter  ; 
the  sharp  angles  seemed  to  intercept  the  matter  better  than  anything 
else.  It  appeared  to  him  that  the  application  of  sawdust  would 
answer  the  same  purpose  as  the  cinders ;  and,  taking  it  together  with 
the  cutting  apparatus  and  the  continual  clearing  of  the  surface,  he 
was  rather  inclined  to  recommend  the  adoption  of  the  process 
described.  Still,  like  Mr.  Hawksley,  he  should  like  to  see  it  proved 
on  a  rather  larger  scale  than  had  hitherto  been  attempted. 

Mr.  Hawksley  said  that  in  the  case  described  he  had  no  doubt 
the  process  would  answer,  if  the  water  did  not  bring  down  intermixed 
with  the  clay  (as  he  was  afraid  it  did)  a  considerable  quantity  of 
organic  matter.  In  such  a  case  it  would,  he  presumed,  be  vegetable 
organic  matter,  because  it  came  from  a  country  which  was  very 
sparsely  occupied,  and  was  probably  not  cultivated  at  all.  But  even 
without  organic  matter  it  was  scarcely  to  be  expected  that  this 
rapid  filtration  would  leave  the  water  cloudless.  There  would,  he 
apprehended  from  his  experience,  be  a  very  slight  and  perceptible 
opacity,  though  perhaps  nothing  that  would  be  objectionable  in  such 
a  country.  That  was  a  difficulty  with  which  they  would  have  to  deal ; 
whereas  if  they  filtered  much  more  slowly  that  difficulty  would  not 
arise. 

Mr.  Newman  said  the  objection  to  the  slow  filtration  was  that  it 
choked  up  the  filters,  and  required  such  a  large  extent  of  filtering 
area.  In  the  case  he  had  mentioned  there  was  still  a  slight  cloud  in 
the  water,  even  after  twice  filtering  through  blotting  paper  ;  so  that 
this  could  not  be  altogether  avoided. 
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Mr.  S.  B.  Platt  asked  if  the  new  system  had  been  applied  to 
filtering  water  that  had  been  used  for  coal  washing.  No  process  had 
yet  been  able  to  make  that  water  clear,  and  in  large  towns  it  was  a 
very  serious  nuisance. 

The  President  wished  to  ask  the  author  whether  the  apparatus 
was  still  at  work  at  Barclay's  Brewery,  where  he  believed  it  had  been 
tried. 

Mr.  Farquhar  said  that  machine  was  not  now  at  work ;  but 
the  apparatus  tried  there  was  not  the  same  as  tbat  described  in  the 
paper.  In  fact  it  was  a  combination  of  the  present  machine  with 
another  of  an  entirely  different  character,  to  the  detriment  of  the 
former.  The  combined  machine  was  very  unwieldy,  covering  about 
five  times  the  space  of  the  apparatus  described  in  the  paper. 

The  President  said,  with  regard  to  Mr.  Newman's  question,  it 
was  stated  at  page  150,  "  Biver  water  having  clay  and  slimy  matters  in 
suspension,  such  as  choke  up  all  ordinary  filters,  is  filtered  perfectly 
bright  and  continuously  by  the  model  machine ; "  so  that  the 
experiment  had  clearly  been  tried.  Most  of  the  experiments  however 
seemed  to  have  been  tried  with  only  a  very  small  filter,  9f  inches 
diameter. 

Mr.  Farquhar  said  in  reply  that  it  appeared  incredible  to  Mr. 
Hawksley  that  they  should  deviate  from  the  usual  course  of  filtering 
slowly,  and  yet  be  able  to  obtain  pure  filtration.  Yet  the  report  of 
the  chemist  of  the  Fives-Lille  Company,  p.  149,  stated  that  the 
filtration  was  as  pure  as  that  obtained  from  blotting-paper :  which  he 
believed  was  the  test  of  pure  filtration.  The  pressure  used  for  that 
filtration  was  two  atmospheres. 

Mr.  Hawksley  said  that  statement  was  to  him  the  incredible  part 
of  the  paper ;  and  he  had  so  described  it  in  order  to  have  the  point 
cleared  up. 
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Mr.  Farqdhar  said  Mr.  Hawksley  had  compared  the  process  with 
that  of  filtering  through  the  ordinary  sand  beds ;  but  there  was 
a  very  great  difference  between  the  two.  In  filtering  through  coarse 
sand  with  this  process,  they  had  found  that  they  could  not  use 
pressure,  and  could  not  get  beyond  a  certain  speed.  They  had  also 
tried  glass,  powdered  as  finely  as  possible ;  and  there  they  had 
arrested,  on  the  surface,  impurities  that  occurred  in  the  water  delivered 
from  the  mains  of  somo  of  the  water  companies  in  London ;  they  had 
actually  taken  off  a  coating  deposited  on  the  top  of  the  glass  surface. 
But  finding  that  there  was  no  satisfactory  progress  to  be  made  in 
filtering  rapidly  through  sand,  they  had  tried  sawdust,  and  then  they 
found  a  very  different  state  of  affairs.  The  greater  the  pressure 
employed,  the  closer  the  grains  of  sawdust  got  pressed  or  knit 
together;  and  hence,  as  had  been  proved  several  times,  by  using 
sawdust  as  a  medium  they  could  get  both  speed  and  purity  of 
filtration  ;  which  was  not  possible  in  a  sand  filter,  because  there  the 
grains  did  not  squeeze  closer  together  under  pressure.  Judging  the 
new  process  by  the  old  one,  of  course  it  would  appear  incredible  ; 
and  one  required  to  see  the  process  before  believing  it.  They  might 
however  rest  assured  that  there  was  no  statement  made  in  the  paper 
which  had  not  been  verified;  and  the  names  had  been  given  of 
those  who  had  verified  the  facts.  Even  in  the  case  of  filtering  such 
matter  as  the  "  eau-vanne,"  it  would  be  seen  on  p.  149  that,  with 
a  depth  of  only  3  in.,  the  liquid  still  passed  out  clear.  There  were 
several  other  cases  which  he  might  have  mentioned ;  but  he  thought 
that  was  sufficient  to  show  that  the  filtration  was  really  pure.  No 
doubt  filtration  through  only  3  in.  of  sawdust  would  not  purify  water 
to  the  standard  for  drinking,  and  take  out  the  small  particles  to  which 
Mr.  Hawksley  had  referred  ;  but  it  would  arrest  any  particles  of  lime 
or  clay  in  suspension.  The  water  might  possibly  show  the  appearance 
of  a  thin  cloud,  but  no  particles  could  be  detected  in  it. 

He  quite  agreed  with  Mr.  Hawksley's  remark  that  sawdust  from 
pitch-pine  or  fir  would  not  answer  in  its  natural  state  for  water 
filtration ;  but  there  were  many  simple  and  inexpensive  ways  of 
rendering  this  kind  of  sawdust  inodorous,  and  therefore  suitable  as  a 
filtering  medium  for  potable  water.     The  whole  question  as  to  the 
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best  filtering  material  to  be  employed  in  each  particular  case  bad 
been  under  tbe  consideration  of  an  eminent  obemist,  and  it  was  not 
improbable  that  many  fibrous  materials  now  looked  upon  as  of  little 
or  no  value  would  be  made  to  render  good  service  as  'filtering 
mediums.  It  was  not  at  all  necessary  tbat  sawdust  only  should 
be  used.  The  paper  had  omitted  to  mention  that  if  desired  the  filter- 
bed  could  be  composed  of  two  or  more  materials  :  the  top  portion  being 
of  such  material  as  would  mechanically  arrest  the  solid  impurities ; 
while  the  lower  portion  was  composed  of  any  antiseptic  material, 
such  as  charcoal  &c,  to  purify  the  liquid  chemically. 

In  reply  to  Mr.  Newman's  question  as  to  whether  they  could 
arrest  clay  matter  in  suspension  in  the  water,  he  might  say  it  had 
been  done  several  times,  not  only  with  sawdust  but  with  the  finely- 
powdered  glass  of  which  he  had  spoken.  With  sawdust,  even  in 
such  a  shallow  depth  as  3  in.,  it  was  possible  to  arrest  any  clay 
matter  or  lime  in  suspension,  and  the  water  would  come  out  perfectly 
clear  of  them.  As  to  any  chemical  action,  such  as  Mr,  Hawksley 
had  alluded  to  as  taking  place  in  slow  filtration,  he  could  not  speak 
to  that ;  he  spoke  only  of  a  mechanical  filter,  filtering  by  a  bed  of 
sawdust  or  some  other  material  of  the  same  kind — fibrous  and  soft,  so 
that  it  could  be  squeezed  like  a  sponge.  As  to  Mr.  Piatt's  question, 
the  machine  had  not  been  employed  for  water  used  in  coal- washing ; 
but  he  thought  there  would  be  no  difficulty  in  such  employment,  and 
should  be  happy  to  try  any  samples  that  might  be  furnished  to  him. 

He  wished  to  make  one  other  remark.  In  the  ordinary  filtration 
at  waterworks,  he  believed  that  they  employed  five  or  six  feet  depth 
of  sand,  shingle,  and  other  materials,  to  obtain  pure  filtration ; 
whereas  in  the  machine  described  they  would  certainly  not  need 
a  bed  of  more  than  a  foot  in  depth  to  produce  pure  filtration.  It 
would  be  easy  to  calculate  what  a  saving  that  would  produce  with 
regard  to  the  material  employed. 

Mr.  Hawksley  asked  leave  to  point  out  that  the  shingle  and  other 
materials  under  tbe  sand  had  nothing  whatever  to  do  with  the 
filtration ;  they  only  gave  support  to  the  sand,  and  allowed  vacuities 
for  the  water  coming  from  the  sand  to  escape  into. 

R 
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The  President  proposed  a  vote  of  thanks  to  the  author  for  his 
paper,  which  was  passed  unanimously. 


~s 


TlutelA. 


■v 


FlateLB. 


« 


HARVESTING         MACHINERY  Plcde  LC 

Fig  1.        Mowei*     ch'Cren      Trcnrv       Wlzeels      dinrl 


Ficr.  4.    FiUffrr.s,   Scarvu&lscm's    Oj>en  Path-in  . 


Ficr.  3. 


]\fower  driven  from  main  A,vle. 


Section  u-ith   F 

hard edges  ■ 


Fig-.  5.    Solid    Pattern  . 


*F  Kmmw 


Fi<y.  6.   BarnJcil  s   Pattern  . 


P 


Scale   tte™ 


_l L 


CF'H. 


(Trorvpilhuja  Inst.  M.  E.  1881.) 


HARVESTING        MACHINERY.       Plcd*£> 
Combined     Mower    cuid   Reaper. 


Scale     VIG^ 


(j+ocetdinys     Tnsl.M.E.     1881 J 


HARVESTING         MACHINERY       Tlate  3. 


Geccr     for*     Pew  cul/L&V      Lxft 


Fio-  11. 


Fia.  10. 


1    Scale  2lie^ 


B 


(rear    for     baXcnifiny      downward       r/rh<»> 


Fig.  13 


(Procedbuvqs  Jtist.  M.E.188LJ 


Pftitc  4. 


HARVESTING        MACHINERY.      Plate  £ 
Fi^.  1&.     Manual    Reaper. 


^iittojit  a  tic       Side  -  delivery    Jteapers. 

Fio\  19.         Zprighi      Bake  -sited} 


Fid".  20.      Incline  d     Hake  -shall. 


\HJ 

^n 

\N  r 

<S«b&     ^/Y£  ^ 

^^^__^^ 

Pk 

/     1 

1  ol "-- 

::-: 

g  3  3   ^  i>~  w 

o   i  o"7>"^  ij'5"'oS"f3  3oa      ^ 

k ...  ^ 

(Prqctcdiriqs   J?is  t .  J/.  A'.  /,V,S7  / 


HARVESTING        MACHINERY        Plate  £ 
Jtfamuvfy    Bw&k,  -delivery    Pleciper . 

^Eleva^ian-. 


Fig-.  23.       CtuZcfv  PbrvOorv    crfy  P. 


(Proceedings   Inst.  M  E.  lHHl.) 


Plate    7. 


<; 


4 


Wire  -  ffinclirtty     ^Mechanism 


Fig.  27 
Section 


Fio-.  28. 

.*    .    ■    \ 

Plctn   o/  Twisting  s 


(in 


> Breedings   Inst.  M.E.  1881  J 


HARVESTING       MACHINERY.     Plate  10. 


Fio".  29.    Wire-Binder ,     Ordinary  Arrangement 


("\     Scale    V40 


Sannielson  s  Hire  —  JSindcr. 


Pip.  30.    General  Arrangement 

at     commencement . 


Fi  6 .  31 .  7/ /  7W  &>?</     ^^t1. 
(Sack   lie w. ) 


Fio'.  32.    Arrangement, 
during        Tin's  ting  . 
f  Front   lien:) 


Scale  VS*. 


(Proceedings  Jhsl.  M.IJ.  1881.) 


HARVESTING         MACHINERY.       Plcdell. 


J  life  —   binders. 


Fig-.  S3. 

Scale      7   20^ 


Ficv.  35. 


I  Proceedings    Jnsl.  Jf-  E.  JSSL) 


HARVESTING        MACHINERY.     FlaUfZ. 
Mc  Corrruok  s       Wire  -Birvdirta      AppcuraJbus . 


Figr.  36.    Posilum/ 
cct      cornmencerrbeiviy. 
N  I  Front  77<'iiy 


V-  •"■•••'''■.  :.V;'1-'^V' 
c^v-£fo^y.c,v:  I  ?;~K'»'i 


Tig-.  37.     Postilcrrv        he-fore,     Kicktrvg      off. 
(Back  View  J 


fProceectings  Jhst-  M  L     1881 

Ins.TZ     f>     C'     3      0  1 

m.m'ii        'I 1 


N  Scale,  \  Z4 


ffi 


Plate  73. 


o 

OX)  /    7V- 

z 

&  '    \ 

1- 

co 

/     /             1 

LU 

/    / 

> 

1     / 

cc 

I    J 

< 

1    1 

i 

CO 

Ld 

z 

I 
o 

< 


.{)" 

^ 

^ 

c 

% 

K 

2 

*, 

f 

a 

y/h 

O 

Jo 

— i 

w//i 

ii 

Ma? is 

$ 

=>//v    A*    y 

j- 

» 

s 

UJ 

Z 
J 

^"P^^oy 

/V 

•  £<^1 

k« 

o 

N                >^ 

2 

111 

X 

Q- 
</) 
O 

1- 

& 

< 

<c 

l^o,    3 

o 

=>       o 

M            — 

l       1        1        1 

: 

««, 

o 

"S 


ftl 


a: 
< 


o 
o 


O 


LJ 

z 

I 
o 
< 


£ 


Plate  17. 


a: 
< 


Q 

o 
o 


o 


CO 

Id 

z 

I 

o 
< 


^ 


Plate   18. 


1 1  .1         JL 


/'A,/,-  19 


I^PIL 


note  ^o. 


MACHINES       FOR       COLD       AIR.     Plate  21 . 


Air- diccg  rams       from.      Moist-air    Machine*. 


Pressure 


Pressure 


reff"^e  Fig-.  18.         Compression;       Cyliruter. 

60 -t 1 1 1 , 1 —i 1 1 r60 


0  lO  20  30         40  50         60  70  80  90         100 

Percerutaxfe/  of    Stroke/. 


Pressure' 
Lbs. 


Fig.    19.       Eccpartsivn./        CyliruLer. 


Pressure 
Lbs. 


bU-r 

1-60 

50 

\ 

50 

\ 

J 

-ft— 

ATM 

JSPHE 

\\C        L 

.INE 

-Pr- 

0  lO  20  30         4-0  50         60  70  80         90         100 

Percentccqe/    of    Stroke. 

(Pr-ooeedirvys  Trust.  M.E.  1881.) 


MACHINES       FOR       COLD       AIR.      Plcd&2Z. 


Air-cUajCjrcuns      from       VertLcab      Dry -air     McLchirve 
Fi  g".    20.       Compress iorv       Cy^Luvder. 


Pressure. 
Lbs. 


Pressure 

Lbs. 


&o- 

[-50 

Cv 

iiulti- 
.troke 

21 
18 

in . 
in  . 

diam 

- 

40 

H.  P. 

at 

60 

}-c\s.  ptr  nun 

-ft- 

ATM 

OSPHE 

RIC      L 

JNE 

J 

-* 

0  10  20  30         4-0  50  80  70  80  90  100 

Perccnlccqc  of  Stroke-. 

Pressure-.      tt,.         01      .„.  j-,  .  .  ,  Pressure- 

UyS  rig-.   -:!.    rvrsu    J^xpouisiort      ut      ccnrtuAxLS.  ^^ 


50- 

rSO 

inxLer 
ttrokc 

20 
18 

if  mi. 

Trt 

mJc 

L5$     u 

n. 

cUt 

ua. 

- 

8 

H.  P. 

L  40 

. 

at 

60 

revs,  j. 

er   no. 

"i. 

°°1 

1 

20 

ers-^ 

-«- 

ATI! 

AOSPHI 

:ric    l 

JNE 

— O- 

O             10          20          30          40           SO         60           70         80          90  10O 

PercervLage/    cf  Stroke. 

Pressure,     tt-         oo       r>-         7        r                  ■                     j            n-   *  Pressure 

j^s         r\g.    Zl.    J'lnxtJb     L\xpartSLoru     urboter      rh^torv.  jj)S 


O  10         20  30         40  50         60         70  80         90         lOO 

I'ercenl^juje/   of   Stroke-. 


(Proceedings  Inst    M.E.1881.) 


MACHINES       FOR       COLD       AIR.      Phcbe,23. 


Au~    diagrams     from      Vertical       Dry  air 


Machine. 


Pressure 
Lbs. 


Pressure 


Fig".    23.  Compression        Cylinder.  ef^ 


LO 


50  60  70  80  90         100 

Percentage     of    Stroke. 


Lbs. 


e  Fig-.    24.     First      Expansion        in       anmihis.  J^ 


50- 

rb0 

- 

^ 

40- 

-4-0 

30- 

J 

-30 

(A'U 

jider 

20 

in.     ch 

««/. 

Tl 

•unit 

154     t 

TV.        d 

ianv. 

& 

trcke 

18 

in. 

-«- 

ATM 

OSPHE 

RIC 

L 

,INE 

-^ 

O  10  20  30  4-0  50         60  70  80  90         100 

Percentage*    of    Stroke/. 

PressureFig  25.  Fined      Expansion         under      Piston,.       **££" 


[Proceedings     Inst.    M.  £..   1881.) 


40  50  60  70  80  90  100 

Percentage       of     Stroke 


STONE- DRESSING      MACHINERY.      Plate  Zh 


Figf.  1.       Section         of       Clinch- 


Fig-.  2. 
Face  of  Qjxlch 
at  J  J.    /\ 


Fi g-.  3 .     End       Elc\  -alt  i')i 
of     MojcIvuvz. 


Scale/       x  30 


Itus.  12        6         0 

'■'■■' 


(Proceedings    /net.  M.  E.  1881.) 


Scale/     Xso1^ 


^7^") 

! 

1 

^-~ 

*;<<;» 

j 

-'' 

a. 

/ 

■' 

. 

,y 

1 

•-  ?  ■. 

FARQUHAR         FILTER. 


PlaU2C. 


Tig   K    Jfnifv      enlarged;. 

ctr    — \r 


Fig.  2 .       Flan    of  Cwttet  -j>labe>. 


VWV\ 
Tig.  3 
Secbum      of    Cutter  -  plate ■. 


(ProceeJxnqs  Inst.  M.  E':  1881  J 


April  1881.  163 


|n$ttfufkt  of  llUtjwiutal  Engineers. 


PROCEEDINGS. 


April  1881. 


The  Spring  Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  London,  on  Thursday,  21st  April,  1881,  at  half- 
past  seven  o'clock,  p.m. ;  Edward  A.  Cowper,  Esq.,  President,  in 
the  chair. 

The  Minutes  of  the  last  Meeting  were  read,  approved,  and 
signed. 

The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  Committee  of  the  Council, 
and  that  the  following  candidates  had  been  found  to  be  duly 
elected : — 

MEMBERS. 

Joseph  Gibson  Archbold,  .  .  .  Newcastle-on-Tyne. 

Alfred  Luther  Beattie,         .  .  Dunedin,  New  Zealand. 

Alfred  Blechynden,  .  .  .  Newcastle-on-Tyne. 

William  Winsland  Chilcott,  .  Devonport. 

James  Fotell  Lovelock  Crosland,     .  Manchester. 

James  Davidson,   ....  Dunedin,  New  Zealand. 

William  Ferguson,    ....  Dublin. 

William  Wallace  Girdwood,  .  London. 

John  Percy  Hall,     ....  Newcastle-on-Tyne. 

George  Gatton  Melhuish  Hardingham,  London. 

John  Jameson,       ....  Newcastle  on-Tyne. 

Frederick  Montague  Townshend  Lange,  St.  Acheul,  France. 

Edward  Pritchard  Martin,        .        \ .  Blaenavon. 

John  McKay,        ....  Newcastle-on-Tyne. 

Arthur  Herbert  Meysey-Thompson,  .  Leeds. 

s 
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April  1881. 


James  Mugrave, 
Bryce  Gray  Nichol, 
Francis  Eobert  Eedpath, 
Joseph  Middleton  Eennoldson,  . 
William  Boss, 
Ernest  Samuelson,    . 

ElCHARD    SENNETT, 

Alfred  Watkins, 
Eustace  Ernest  Wigzell, 
Benjamin  Frederick  Wright, 
Louis  Edmund  Hasselts  Yates, 

graduates. 
Edward  Disney  Alexander, 
David  Stanley  Beesley, 
Norman  Joseph  Lockyer,  . 
Eobert  Sydney  Milles, 
Philip  Powys  Eogers, 


Bolton. 

Newcastle-on-Tyne. 

Montreal,  Canada. 

South  Shields. 

Duhlin. 

Banbury. 

Devonport. 

Greenwich. 

London. 

Kobe,  Japan. 

Jhelum,  India. 

Newcastle-on-Tyne. 
Birmingham. 
Manchester. 
Wolverhampton. 
Warora,  India. 


The  following  paper  was  then  read  : — 

On  Biveting,  with  special  reference  to  Ship-work;   by  M.  le  Baron  Clauzel, 
of  Toulon. 

The  President  proposed  a  vote  of  thanks  to  the  author  of  the 
Paper,  who  was  unavoidably  prevented  from  attending,  as  he  had 
expected  to  be  able  to  do.  The  next  paper,  which  was  upon  the 
same  subject,  would  now  be  read,  and  the  two  would  be  discussed 
together. 

The  vote  of  thanks  was  passed  unanimously. 


The  following  paper  was  then  read : — 

Besulta  of  Experiments  on  Eiveted  Joints,  made  for  the  Institution  of  Mechanical 
Engineers  ;  by  Brofessor  Alex.  B.  W.  Kennedy,  of  London. 

The  two  papers  were  then  discussed  together,  and  at  10  p.m.  the 
discussion  was  adjourned  to  the  following  evening. 
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The  Adjourned  Meeting  of  the  Institution  was  held  at  the 
Institution  of  Civil  Engineers,  London,  on  Friday,  22nd  April,  1881, 
at  half-past  seven  o'clock,  p.m. ;  Edward  A.  Cowper,  Esq.,  President, 
in  the  chair. 

The  discussion  on  Baron  Clauzel's  and  Professor  Kennedy's 
papers  was  resumed,  and  concluded. 

A  hearty  vote  of  thanks  was  passed  to  Professor  Kennedy  for  his 
very  careful  and  elaborate  experiments,  and  for  his  paper. 

The  following  paper  was  then  read  and  discussed : — 
On  Thrashing  Machinery ;  by  Mr.  W.  Worby  Beaumont,  of  London. 

A  vote  of  thanks  was  passed  unanimously  to  Mr.  Beaumont  for 
his  paper. 


The  President  said  he  had  now  the  pleasant  duty  to  perform  of 
proposing  a  vote  of  thanks  to  the  Institution  of  Civil  Engineers,  for 
their  kindness  in  granting  the  use  of  their  rooms  for  the  meeting. 

The  vote  of  thanks  was  carried  by  acclamation. 


The  President  said  he  had  also  to  announce  that  the  Newcastle 
meeting  had  been  definitely  fixed  to  commence  on  Tuesday,  2nd  August. 
Papers  had  been  already  promised  of  a  very  interesting  character, 
and  there  would  be  various  excursions  in  the  neighbourhood.  A 
strong  committee  had  been  formed  to  arrange  the  details,  and  there 
was  every  expectation  of  a  very  pleasant  and  instructive  meeting. 


The  Meeting  then  terminated. 


[Note. — The  First  Keporfc  of  the  Committee  on  Riveted  Joints,  circulated 
amongst  the  Members  in  January  1SS0,  is  now  published,  by  order  of  the  Council, 
after  revision,  and  is  inserted  after  the  Discussion  on  Riveted  Joints,  commencing 
on  p.  301.] 
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ON  RIVETING,  WITH  SPECIAL  REFERENCE  TO 
SHIP-WORK. 


By  M.  Le  Baron  CLAUZEL,  of  Toulon. 


Since  the  strength  of  any  riveted  structure  depends  on  that  of 
the  riveted  joints  which  it  contains,  it  is  evident  that  the  design  of 
these  joints  is  of  no  less  importance  than  that  of  the  structure 
itself.  Unfortunately  the  exact  strength  of  a  riveted  joint  is  not 
a  matter  which  it  is  easy  to  determine ;  and  instead  of  our  having 
precise  laws  on  this  point,  similar  to  those  for  the  ordinary  strength 
of  materials,  the  practice  is  guided  by  rules  which  are  founded  on  no 
fixed  principles,  and  vary  widely  in  different  localities.  It  will  suffice 
to  cite,  as  a  single  instance  of  the  prevailing  confusion,  that  in  many 
establishments  it  is  the  rule  to  give  exactly  the  same  pitch  to  a  joint, 
whether  single  or  double  riveted  ;  this  pitch  being  about  a  mean 
between  the  two  which  would  be  adopted,  in  good  practice,  for  the 
two  cases. 

Various  simple  formulae  have  indeed  been  given  for  determining 
the  pitch  of  rivets,  in  the  ordinary  cases  where  two  plates  of  equal 
thickness  are  joined  by  one  or  by  two  rows  of  rivets.  These  however 
are  little  used  in  practice,  doubtless  because  they  fail  to  give  all  that 
is  necessary,  and  in  many  cases  are  wholly  inapplicable.  Again,  Sir 
Edward  Reed,  in  his  Treatise  on  Iron  Shipbuilding,  gives  a  mode  of 
calculating  the  strength  of  any  riveted  joint  by  determining  the 
breaking  stress  under  all  possible  combinations  of  circumstances ; 
but  this  mode  is  too  cumbrous  for  practical  use,  and  moreover  serves 
only  to  show  what  is  the  strength  of  any  particular  design,  not  to 
show  what  design  will  give  the  greatest  strength  possible. 

With  a  view  to  establish  the  true  method  of  calculation  on  this 
subject,  the  problem  may  be  stated  in  the  following  general  form : — 
"  In  a  riveted  joint,  made  with  any  given  number  of  rows  of  rivets, 
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what  should  be  the  pitch  in  each  row,  so  that  the  resistance  of  the 
joint  may  be  the  same  for  each  one  of  the  several  modes  in  which 
rupture  may  take  place  ?" 

This  problem  once  solved,  it  will  be  easy  to  answer  the  following 
supplemental  questions  : — 

(a)  How  must  a  joint  be  designed  to  have  a  given  resistance  ? 

(b)  "What  is  the  maximum  resistance  to  be  obtained  from  a  joint 
having  a  given  number  of  rows  of  rivets  ? 

Let  us  first  consider  the  case  of  two  plates,  united  by  n  rows  of 
rivets,  as  in  Fig.  1,  Plate  27.  If  we  calculate  the  total  resistance  of 
the  rivets  and  plate  which  must  be  broken,  for  each  mode  in  which 
rupture  may  take  place,  it  is  evident  that  the  least  of  these  resistances 
will  represent  the  real  strength  of  the  joint ;  and  that  for  all  the 
other  modes  of  fracture  the  joint  is  unnecessarily  strong.  Of  all 
these  modes  the  simplest  is  that  in  which  one  plate  tears  through 
the  row  of  rivets  furthest  from  its  edge.  The  resistance  of  the  plate 
for  this  mode  of  rupture  is  simply  the  tensile  resistance  of  the 
plate  x  the  net  section.  Thus  we  have  the  following  Fundamental 
Principle :  "  The  resistance  for  any  mode  of  fracture  must  not  be  less 
than  the  resistance  to  tearing  across  at  the  inside  row  of  rivets ;  the 
actual  resistance  of  the  joint  will  then  be  equal  to  that  resistance.  If 
the  joint  can  be  designed  so  that  all  these  resistances  are  equal,  then  it 
may  be  called  a  joint  of  equal  strength  throughout." 

From  this  principle  we  may  make  three  deductions : — (1)  it  is 
impossible  to  make  any  joint  so  strong  as  either  of  the  solid  plates 
united  by  it,  unless  in  some  special  case  it  should  appear  that  the 
weakening  due  to  the  inside  row  of  holes  is  balanced  by  friction ; 

(2)  the  pitch  in  the  inside  rows  of  rivets  should  be  as  great  as  possible  ; 

(3)  to  insert  an  additional  inside  row  of  rivets,  with  the  same  pitch  as 
the  rows  beyond  it,  adds  absolutely  nothing  to  the  strength  of  the  joint. 

Instead  of  commencing  with  the  simplest  cases,  which  would  be  to 
repeat  the  work  of  previous  writers,  the  author  has  started  with  the 
principle  just  stated,  and  has  developed  it  in  its  most  general  form. 
The  formulae  thus  obtained  are  therefore  general,  and  the  ordinary 
cases  of  practice  will  follow  from  them  as  particular  cases.     In  the 
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present  investigation  tensile  strength  is  alone  considered :  other 
questions,  such  as  those  of  water  or  steam  tightness,  will  be  taken 
into  account  later  on. 

I.  General  Formulae. 

To  simplify  the  examination  of  all  the  possible  modes  of  rupture, 
we  will  first  assume  the  case  of  a  plate  A,  Fig.  1,  Plate  27,  united  by 
n  rows  of  rivets  to  another  plate  B,  which  is  so  strong  that  it  will  not 
give  way  in  any  possible  case.  We  will  then  determine  the  least 
thickness  which  can  be  given  to  B,  that  this  condition  may  hold. 

Let  am  =  the  stress  per  unit-length  of  joint,  which  will  tear  plate  A 

through  the  mih  row  of  rivets. 
bm  =  the  stress  per  unit-length  of  joint,  which  will  tear  plate  B 

through  the  mth  row  of  rivets. 
rm  =  the  stress  per  unit-length  of  joint,  which  will  shear  all  the 

rivets  of  the  mth  row. 

By  our  hypothesis  plate  B  will  never  give  way,  and  therefore 
plate  A  and  the  rivets  are  all  with  which  we  have  to  deal.  We  will 
number  the  rows  of  rivets  1,  2,  3,  &c,  beginning  from  that  nearest 
the  edge  of  the  thicker  plate  B,  Fig.  1.  Then  it  is  evident  that  the 
modes  of  fracture  are  the  following : — plate  A  tears  through,  say,  the 
mth  row  0f  rivetSj  an(j  a]so  shears  all  the  rivets  in  rows  Nos.  1,  2,  3  .  .  . 
(m  —  1) :  or  else  the  whole  of  the  rivets  in  rows,  1,  2  .  .  .  n  are 
sheared,  and  A  is  not  torn. 

Let  BM  =  the  stress  per  unit-length  which  will  tear  the  plate  through 
the  row  m,  and  shear  the  rivets  in  rows  1,  2, 3  ...  (m  —  1); 
S    =  r±  -f-  r2  -\-  • . .  »*n-i  -f~  rn  =  the  stress  which  will  shear  the 
rivets  in  the  whole  of  the  rows  1,  2,  3  ...  n ; 

We  have  then 

B»  =  Om-\- ri -f  r2-j-  .  .  .  rm-i  =  aM  -\-  2i     r, 

if  we  use  the  symbol  2  to  express  the  summation  of  a  series.  It  is 
evident  that  the  stress  which  will  tear  the  plate  through  the  first  row 
of  holes  is  given  by 

Ri  =  a\. 
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and  since  by  our  principle  all  the  other  stresses  must  bo  equal  or 
greater  than  the  above  stress,  wo  have  the  two  formulae, 

Km^Rp  or  am-{-^T~1r^al (1). 

S^R1}  or  21V^ax (2). 

If  the  joint  is  equally  strong  for  every  mode  of  rupture,  we  shall  have 

ROT  =  Rls  or  am-\-  Si  ~  r  =  ax, 
S  =  R1}  or  2,ir  =  av 

From  these  equations  we  have  : — 

am  +  2X       r  =  2X  » , 

n 

whence  a    =  2    r. 

m  m 

Also  am  =  am-i—  rm-i. 

The  last  equation  shows  that  the  resistance  of  the  plate  at  each  row 
should  diminish  regularly  from  the  first  row  to  the  last,  in  other  words 
that  the  pitch  in  each  row  should  diminish  regularly.  There  will 
often  be  practical  considerations  which  will  not  allow  this  to  be 
carried  out ;  in  such  cases  the  joint  cannot  be  made  of  equal  strength 
throughout,  and  it  will  only  be  necessary  to  see  that  the  general 
formulae  (1)  and  (2)  are  satisfied. 

Hitherto  we  have  not  considered  the  plate  B.  We  have  now  to 
see  how  far  the  thickness  of  this  plate  may  be  reduced.  It  is  clear  by 
Fig.  2,  Plate  27,  that  plate  B  may  fail,  (I.)  by  tearing  through  the  ri^ 
row  ;  or  (II.)  by  tearing  through  any  other  row,  as  the  mth,  and  shearing 
the  rivets  in  rows  m  +  1,  w  +  2,  .  .  .  n ;  or  (III.)  by  tearing  through 
any  row,  as  the  mih,  and  tearing  the  plate  A  through  any  one  of  the 
rows  m  —  1,  m,  or  m  -(-  15  without  shearing  ;  or  (IV.)  by  tearing  through 
any  row,  shearing  one  or  more  rows  of  rivets,  and  tearing  the  plate  A 
through  the  row  next  to  that  at  which  the  shearing  ceases.  These 
various  modes  of  rupture  are  illustrated  in  the  diagram,  Fig.  2, 
Plate  27. 

The  stresses  F  required  for  rupture  under  these  conditions 
are  given  in  the  Table  on  the  opposite  page,  using  the  formula 
R    _  a    +  S^-V. 
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Mode  of  Rupture. 
(See  Fig.  2,  Plate  27.) 


I.  B  alone  breaks,  through  row  n. 


Stress  F  producing  Rupture 
(per  unit  length  of  joint). 


F  =  6„ 


II.  B  breaks  through  row  m,  and 
shears  rivets  in  rows  (m+1) 
to  n 


F  —  b    A-1n       r 


Ilia.  B  breaks  through  row  m,) 
A  breaks  through  row!* 
m+1;  no  shearing      .      .  J 

III&.  B  breaks  through  row  m,( 
A  breaks  through  row  m  ;< 
no  shearing 


IIIc.  B  breaks  through  row  m, 
A breaks  through  row 
m  —  1 ;  no  shearing 


I Va.  B  breaks  through  row  m, ' 
A  breaks  through  row  pu 
rivets  sheared  iu  rows 
m  +  1  to  p  —  1 


IV6.  B  breaks  through  row  m, 
A  breaks  through  row  q, 
rivets    sheared    in     rows' 


F  =  bm  +am  +  !  =  bm  +  Bm  +  i  -  2X  r 

Til  —  1 

F  =  &m  +  am  _  !  =  &OT  +  ROT  _  i  -  2™"  r 
>  fyn,  +  Rm  -  1  ~  2i  r 


- 1 

i 
m+  1 


=&m  +  R2-2?    V  +  2 


g  +  1  to  m  -  1 


>6OT+Ka-2iV 


None  of  these  values  of  F  ought  to  be  less  than  the  resistance  of 
the  joint  in  the  case  when  B  cannot  give  way.  But  if  the  formulae 
(1)  and  (2)  are  satisfied,  all  the  quantities  B2  B3  .  .  .  Bn  and  2i*" 
are  equal  to  or  greater  than  Br  If  then,  at  each  row,  the  plate  B 
satisfies  the  general  condition 

bm^$?r (3), 

it  will  be  seen  that  none  of  the  different  values  of  F  given  in  the 
Table  will  be  less  than  K15  and  therefore  the  resistance  of  the  joint 
will  be  still  =  E1# 

The  expressions  for  F  in  the  cases  Ilia  and  IVa  in  the  Table 
show   that  this  condition  is  not  only  sufficient  but  also  necessary 


172  RIVETING.  APEIL  1881. 

in  cases  where  the  values  of  any  of  the  quantities  R2  R3  .  .  .  R  are 
not  greater  than,  but  equal  to  Rx. 

If  the  formula  (1)  and  (2)  are  equalities,  and  if  we  also  make 
the  formula  (3)  an  equality,  then  the  least  of  the  resistances  which 
correspond  to  modes  of  rupture  in  which  B  gives  way  will  also  be 
equal  to  R1}  and  tho  resistances  of  the  joint  will  therefore  be 
completely  equalised. 

Thus  we  have  the  following  general  rules : — 

If  a  joint  is  to  satisfy  the  Fundamental  Principle  of  the  preface, 
then  its  elements  must  satisfy  these  three  general  formulae — 

«m  +  2i       r  £^  a1 (1) 

%ir^a,        (2) 

bm^ZTr (3). 

Of  these  No.  (1)  expresses  that  for  any  mode  of  rupture  involving 
tearing  of  the  thinner  plate  and  shearing  of  rivets,  the  resistance  is 
equal  to  or  greater  than  the  resistance  Rx  to  the  tearing  of  the  thinner 
plate  across  its  inside  row;  No.  (2)  expresses  that  the  shearing 
resistance  of  all  the  rivets  is  equal  to  or  greater  than  Rx ;  and  No.  (3) 
expresses  (as  shown  on  the  last  page)  that  for  any  mode  of  rupture 
involving  tearing  of  the  thicker  plate  the  resistance  is  also  equal 
to  or  greater  than  R1#  When  these  formulae  are  satisfied,  the  strength 
of  the  joint  will  be  represented  by  Rx  (or  ax)  ;  and  if  they  are  satisfied 
as  equalities,  the  resistances  of  the  joint  will  be  equalised  throughout. 

Hence  the  mode  of  procedure  will  be  as  follows. 

Having  given  two  plates  A  and  B,  thicknesses  e  and  e',  which  are 
to  be  united  by  a  joint  of  given  resistance  F,  we  must  fix  the  pitch  in 
row  1,  or  the  row  nearest  the  edge  of  the  thicker  plate  B,  so  that 
the  resistance  of  plate  A  to  tearing  along  this  row  may  =  F.  Then 
the  elements  in  the  succeeding  rows  must  be  so  chosen  that  the  formulae 
(1)  and  (3)  may  always  be  satisfied.  Now  at  any  row  m  the  values  of 
«»i  om  rm  depend  on  the  diameter  and  pitch  of  the  rivets;  and  the 
formulas  (1)  and  (3)  give  (as  will  be  shown  later,  p.  175)  an  inferior 
limit  of  the  pitch  in  terms  of  the  diameter ;  hence  at  each  row  we 
must  take  that  formula  which  gives  to  this  inferior  limit  the  greater 
value.  We  may  follow  formula  (1)  as  long  as  formula  (3)  is  satisfied, 
and  diminish  the  pitch  in  each  row  accordingly,  until  we  reach  a  row 
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for  which  formula  (3)  is  not  satisfied;  thenceforward  we  must 
follow  formula  (3),  and  increase  the  pitch  in  each  row,  whereby 
formula  (1)  will  of  course  be  more  than  satisfied.  Finally,  if 
formula  (2)  is  not  satisfied,  we  must  insert  one  or  more  additional 
rows  of  rivets  for  that  purpose. 

As  an  example  we  may  take  the  joint  shown  in  Fig.  3,  Plate  27, 
the  full  calculations  for  which  need  not  be  given.  Two  plates  A  B, 
430  mm.  wide,  and  respectively  14  and  18  mm.  thick,  are  to  be 
united  by  a  joint  giving  95  per  cent,  of  the  strength  of  the  solid 
plate   A.      Then  in  row   1  we   can   only  have   a   single   rivet   of 

22  mm.  diameter,  (430~22-  95\     We  then  increase  the  number  of 
'  \    430       100/ 

rivets  in  successive  rows,  by  applying  formula  (1).     That  formula 

would  admit  eight  rivets  in  the  4th  row,  but  then  formula  (3)  would 

not  be  satisfied.     It  will  be  satisfied  by  giving  seven  rivets ;  and  we 

then  diminish  the  number  in  each  row,  following  formula  (3).     We 

thus  get  two  rivets  for  the  6th  row,  and,  as  formula  (2)  is  then 

satisfied,  no  more  rows  need  be  added.     The  resistance  of  the  whole 

joint  is  then  given  by  the  resistance  of  plate  A  to  tearing  through  the 

single  hole  in  row  1. 

In  this  operation  the  width  of  both  plates  has  been  supposed 

constant  throughout  the  joint;  it  will  be  shown  hereafter  how  the 

width  of  each  may  be  reduced  as  its  edge  is  approached. 

II.  Practical  Formula. 

To  reduce  to  a  practical  shape  the  general  formulae  of  Section  I, 
we  must  express  the  quantities  am,  bm  rm  in  terms  of  what  may 
be  called  the  elements  of  the  joint,  i.e.  the  thickness  and  width  of 
the  plates,  the  diameter  and  pitch  of  the  rivets. 

Our  present  investigation  will  concern  only  Lap-joints,  including 
in  these  the  attachment  of  a  plate  to  a  single  cover-plate.  The 
application  to  Butt-joints  with  two  cover-plates  will  be  made 
hereafter. 

Let  e  be  the  thickness  of  the  thinner  plate  A. 
,,    e'         „  „  thicker      „     B. 

„    <f>  =  -  „    the  ratio  of  these  thicknesses. 
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Let  Lm  be  the  width  of  A  along  the  mih  row  of  rivets. 
n    -L'„i      „      width  of  B  along  the  mth  row  of  rivets. 
)j    dm       n     diameter  of  rivets  in  the  mtb  row. 
»    N„j      „      total  number  of  rivets  in  the  mih  row. 
»    R        ?,      tensile  resistance  of  the  plate  in  kg.  per  sq.  mm. 
j.    R'        „      shearing  resistance  of  the  rivets  in  kg.  per  sq.  mm., 

including  any  resistance  due  to  friction. 
„    Em      „      ratio  to  diameter  of  the  mean  pitch  on  plate  A,  of  the 

rivets  in  row  m,  or  Eelative  Pitch  on  plate  A. 
„    E',n      „      do.  do.  for  plate  B. 

Then  since  =^-  =  mean  pitch  in  row  m  on  plate  A, 

L'w  _  -p, 

we  have  EOT  =  -~-x  v   '  E'™  =  -t*  x  ^~" 

With  this  notation  the  tensile  resistances  am  and  bm  of  A  and  B, 
and  the  shearing  resistance  rm  of  the  rivets,  for  the  mth  row,  are  given 
ky  aM  =  (Lm  —  NTOdm)eE 

6ffl  =  (L'm  -  Nmdm)e'E  =  (L'ra  -  Nmdm)<£eR 

*»  =  -j-N»B'    =  4^  — e-eR. 

Using  the  latter  equations,  we  may  omit  the  factor  eR  from  our 

calculations,  and  the  resistances  obtained  will  then  be   the  actual 

resistances  divided  by  eE.     We  will  also  write  for  brevity — 

*-B'       _ 

4  R   =  K,  a  constant  supposed  known, 

4rX-=-=C,  a  constant  given  by  the  thickness  of  the  thinner 
plate. 

We  may  then  use  equations  as  follows : — 

dm  =  LOT  —  ~Nmdm  =  (1  —  fr  )  Lm 
XJm 

bm  =  (L'm  —  Nmc7m)  <£  =  (1  —  jjj-)  <fiL'm 


E', 

dm  _  _.  d„ 


-•I'm  -'Sn 
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Substituting  these  values  in  the  three  general  formulas  of  Section  I., 
we  obtain  the  following  Table  : — 


General  Formulae. 

Practical  Formula?. 

or 

,     —TO  — 1      ~-_ 

lto  ~  ^mdm  +  C2r_1NcZ2  ^  L, 
or  N^d^^I^+NA  -Lt  +C2m- 

_1Nd2 

0) 

or 

n     «_ 

C2rNd2>Lx  -  N^,      .     .     . 



(2) 

(L'w-NwcZm>^C2rNd2 

K3) 
or  Nmdm  (<?>  +  CcZJ^L',,^  -  C2f    JNcP 


It  will  be  seen  that  (1)  and  (3)  give  a  superior  limit  to  the 
number  of  rivets  in  row  m,  or  an  inferior  limit  to  their  pitch,  when 
the  elements  in  the  preceding  rows  have  been  determined.  Hence 
we  must  leave  (1)  and  follow  (3),  as  soon  as  we  have  for  the  row  m 


L'm4>  -  C2r_1Nd2 


m_i  -  L'm<fr  -  (LOT  -  L,  +  y^Q  (<p  +  Cdm) 

or  Sx      JNd-  =  0(l  +  «?>  +  Cdw) 


(4) 


The  above  formulae  are  perfectly  general,  and  allow  of  tbe 
diameter  of  rivets  and  width  of  plate  varying  for  each  row.  We 
will  now  simplify  them  as  follows  : — 

1.  Let  the  width  L  of  each  plate  be  constant,  but  let  the  rivet 
diameter  d  vary.     Then  the  formulas  become — 


ETO    —  El 


/-IVTO  —  1  ™ 


or  osri^i- * 


E, 


(la) 
(2a) 


!m-1MJ2 


(£+CcZm_ 


-id" 


Nmdm(«HCdm)^L0-C2r NcZ2'   or-^^^-CSr"  I       (3a) 
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2.  Let  the  width  L  vary,  but  let  the  rivet  diameter  d  be  constant. 
Then  the  formula?  become — 

L^Lj-N^  +  N^-C^sT"^    ....    (lb) 
*"hd? (26) 

CaP    ™ 

L'w^— 2rN  +  Nmd (36) 

3.  Lastly  let  both  widths  and  diameters  be  constant,  which  is  the 
most  common  case.     Then  the  formulas  become — 

N^^  +  C^r^,  or     ^  +  «Ci     ■     •     (I) 

SNJ_^.  «  otfi^i-^  .  .  .  en.) 

^i-^  —      Cd  l 

^>-Cd2™_1N  »  +  Cd  ^  i        pAm-il        /TTT. 

at     <  dy  * ,  or        E —  ^  <£  -  Cd^      e"       (IIL) 

^  —  *+Cd 

Finally,  formula  (4),  which  shows  at  what  row  to'  we  must  leave 
formula  (I.)  and  begin  to  follow  formula  (IIL),  becomes — 


m'  —  1-vr  -^  d 


X 


^  -  N^  +  Cd) 


Cd(l  +  $>  +  Cd) 


.  ^  Cd[N,  +  (1  +  Cd)2,       *N] 
or  <p==s  -^ 

£  _  jr  -  CdS^'^N 
d 

The  Actual  Resistance  of  the  joint  is  equal  to  the  resistance  of 
plate  A  at  the  first  row  of  rivets,  and  is  therefore  given  by 
(Lx  —  N1rf1)eE.  What  is  usually  required  however  is  not  the  actual 
resistance,  but  the  Proportion  of  Strength  for  the  joint,  that  is  the 
ratio  between  the  resistance  of  the  joint  and  that  of  the  solid  plate. 
If  we  call  this  Proportion  of  Strength  p,  we  have 

.      .      .      (o) 

-I=^(l-P)     •      •      •      •      (6). 

Equation  (6)  will  give  the  number  of  rivets  in  the  first  row  for  any 
given  proportion  of  strength. 

In  this  calculation  we  have  assumed  that  the  strength  of  the 
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plate,  per  unit  of  sectional  area,  was  the  same  along  a  line  of  rivets 
as  in  the  solid  plate.  Where  the  holes  are  punched  however,  it  is 
generally  held  that  some  reduction  in  the  strength  per  unit  area  takes 
place.  In  such  cases  the  value  of  p  given  above  ought  to  be 
multiplied  by  the  ratio  of  the  reduced  to  the  original  strength.  This 
ratio  is  given  for  iron  as  0*88  by  Barba,  and  as  0*81  by  Keed;  the 
values  given  by  other  experimenters  differ  widely.*  It  appears  however 
from  M.  Barba's  researches  that  the  actual  damage  is  only  done  to  a 
very  narrow  ring  of  metal  round  the  hole ;  and  if  so  it  is  evident  that 
the  loss  of  strength  will  be  less  as  the  pitch  is  greater.  Hence  for 
a  joint  such  as  we  have  been  discussing,  in  which  there  is  only  one 
rivet  in  the  inside  row,  this  effect  may  probably  be  neglected.  As  a 
rule,  in  the  general  calculation  for  the  proportion  of  strength  in  a  joint, 
it  seems  better  to  take  no  account  of  the  weakening  effect  of  punching, 
in  the  absence  of  accurate  data  by  which  to  calculate  it  exactly. 
When  we  come  however  to  numerical  applications,  then,  in  taking 
values  for  the  tensile  strength  of  the  plate,  we  shall  assume  that  the 
ratio  of  the  reduced  to  the  original  strength  is  for  iron  0*85,  a  mean 
figure  between  the  two  values  stated  above.  For  steel  it  will  be 
assumed  that,  where  the  holes  are  not  drilled,  they  will  be  always 
rimered  out  after  punching,  and  that  the  damage  due  to  punching 
will  be  thus  destroyed. 

Again,  in  the  preceding  theory  the  tensile  resistance  of  the  plate 
through  any  row  of  rivets  was  given  in  terms  involving  the  diameter 
of  rivet,  which  is  less  by  about  1  mm.  (0  ■  01  in.)  than  the  diameter  of 
the  hole ;  this  may  be  taken  account  of  by  simply  adding  1  mm.  to 
the  mean  pitch  calculated  by  the  formulas.  The  same  remark  applies 
to  the  conical  enlargement  of  the  holes  due  to  punching  or 
countersinking. 

III.  Application  of  the  Practical  Formulas.^ 
We  will  now  proceed  to  the  application  of  the  general  formulae 
investigated   in    Section  II. ;    and  for  the  present  we  will  confine 
ourselves  to  the  simplified  forms  I.-IV.,  in  which  the  widths  of  the 

*  See  First  Report  of  Committee  on  Eiveted  Joints,  pp.  323,  324. 
t  The  whole  of  the  formulae  developed  in  this  section  are  brought  together  in 
Table  A,  appended,  page  203. 
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plates  and  the  diameters  of  the  rivets  aro  the  same  throughout  the 
joint.     Wo  will  consider  three  cases  : — 

1.  The  thickness  of  one  plate  is  given,  and  that  of  the  other 
may  be  taken  at  pleasure  ; 

2.  Both  plates  have  the  same  thickness ; 

3.  The  thicknesses  are  unequal,  both  being  given. 
The  formula?  to  be  applied  are  as  follows  : — 

EL^^  +  CAST^N (I.) 

** iN  —     Cd 

±j  fit—  1 

^+-<H*i      N  (HI.) 

iNw=      <p  +  cd — 

We  must  first  choose  the  diameter  of  the  rivets,  and  then  the  pitch 
in  the  first  row  :  the  latter  may  be  arbitrary,  or  may  be  fixed  in 
accordance  with  a  required  proportion  of  strength  by  means  of 
formula  (6),  namely 


or  N^fl-p). 


Then  formula  (I.)  gives  the  number  of  rivets  in  the  successive  rows, 
as  long  as  the  superior  limit  which  it  assigns  to  that  number  is  less 
than  the  limit  assigned  by  formula  (III.).  As  soon  as  this  ceases  to 
be  true,  that  is  as  soon  as  we  have  for  any  row  m' 

2m    *N  >!______        (IV.), 

1  —  Cci!(l  +  <p  +  Cd) 

then  we  must  follow  (III.)  in  fixing  the  number  of  rivets  in  the 
successive  rows,  including  the  row  m.  Lastly  (II.)  fixes  the  limit 
for  the  total  number  of  rivets,  and  thus  fixes  the  number  of  rows 
required  to  furnish  any  given  proportion  of  strength. 

Conversely,  if  the  number  of  rows  is  given,  the  pitch  in  the  first 
row  is  no  longer  arbitrary  :  but  we  can  calculate  by  the  same  formula 
the  widest  pitch  admissible  in  the  first  row,  and  the  resulting 
proportion  of  strength. 

The  three  cases  mentioned  have  been  fully  worked  out  on  this 
basis  but  the  results  alone  will  here  be  given. 
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Case  1. — Tliichiess  of  A  given,  thickness  of  B  to  be  taken  at  pleasure. 
(a)  Proportion  of  strength  fixed  beforehand.  The  relative  pitch 
in  row  1  is  then  fixed  by  formula  (5).  For  all  the  other  rows  we  can 
follow  formula  (I.),  because  the  thickness  of  B  may  be  chosen  to  suit. 
The  total  number  of  rivets  will  be  given  by  (II.).  We  have  finally 
to  give  the  thickness  of  B.  If  we  have  used  the  formula  (I.)  as  an 
equation,  so  as  to  equalise  the  strength  for  all  the  rows,  then  the 
pitch   decreases    regularly    for    each    row    from    1    to   n  :    and    if 

formula  (III.)   (which  may   be   written  ( -  —  Nw  j<£  ^  OZ2 1  N)  is 

satisfied  for  the  last  row  n,  it  will  certainly  be  satisfied  for  the  other 
rows,  because  as  we  go  backwards  from  row  n  the  expression  on  the 
left  hand  increases,  while  that  on  the  right  hand  decreases.  If  the 
pitch  has  not  been  diminished  from  row  1  to  row  n  so  rapidly  as 
above,  but  if  care  has  been  taken  never  to  increase  it  in  a 
succeeding  row,  the  same  will  still  be  true.  Hence  the  formulae 
which  will  determine  all  the  elements  of  the  joint  in  this  case  are 
the  following : — 

N^^  +  Cc^r'N        .......     (I.) 

S?N^d    JNl (II.) 

cd 

Cd2?N 
<^I^7-         (V-) 

(h)  Number  of  rows  of  rivets  fixed  beforehand.  The  proportion 
of  strength  is  not  arbitrary,  and  the  pitch  in  row  1  can  no  longer 
be  fixed  at  pleasure.  It  is  easily  shown  that  if  formula  (II.) 
is  to  be  satisfied  with  the  given  number  of  rows,  whilst  at  the  same 
time  formula  (I.)  is  satisfied  for  each  row,  then  for  any  row  m  we  must 

have    ^x(T^y^-^  +  C^N <VL> 

This  formula  gives  the  minimum  number  of  rivets  in  the  row  m, 
while  (I.)  gives  the  maximum  ;  and  therefore  we  shall  be  safe  in 
taking  any  number  between  these  two. 

Applying  this  formula  to  row  1  we  have 
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This  gives  fur  the  greatest  possible  proportion  of  strength  in  this 
case,  i 

P  ^  1 

H  (I  +  Cd)n 

Hence  the  formulas  for  calculating  the  elements  of  the  joint  in  this 
case  are  : — 

N>  =  HtTc,V" C^ 

(Inferior  limit  for  the  number  of  rivets  in  row  1) 

fNTO^Nx  +  C^r'N      • (I.) 

l1N™—  a  x  cd(i  +  car-™  Cd         '    "    *    * 

(Limits  to  the  number  of  rivets  in  any  row  m) 

CdSiN 
*^L (V.) 

d  ~  N« 
(Least  admissible  thickness  of  the  plate  B). 

(c)  Joint  of  Equal  Strength  throughout.  To  obtain  the 
maximum  proportion  of  strength  for  a  given  number  of  rows,  we 
must  make  formula  (VII.)  an  equality,  and  equalise  the  strength  in 
the  other  succeeding  rows.  Then  formula  (I.)  also  becomes  an 
equality,  and  takes  the  form 

Xm  =  (1  +  Cd)Nm_x (la.) 

Hence  we  have  the  simple  rule  that  in  a  joint  of  equal  strength 
throughout,  the  number  of-  rivets  increases  in  a  Geometrical 
Progression,  whose  ratio  is  (I  +  Cd), 

The  other  formulas  become  in  this  case 

N1  =  ^x - (Vila.) 

1       d       (1  +  Cd)" 

P  =  l-         * 
'  (1  +  Cd)n 

«.    _  L       1 

JSm~  d  x  (l  +  Gdf-™*1 

,  _    (1  +  Gdf  -  1  ,  _  1  +  Cd 

+  -cdii  +  cdy-i  or  *-p  x  ~cd— 

Before  leaving  this  case,  it  will  be  well  to  consider  what  will  be  tbe 
result  when  there  is  only  one  row  of  rivets.  Formula  (I.)  thea 
becomes  useless.     Formula  (II.)  becomes 
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L 
1  +  Cd 

or,  since  N,  =  ^  x  ^-'        E:  ^  1  +  Cd. 
Formula  (V.)  becomes  <f>  ^  1. 

The  maximum  Proportion  of  Strength  is  given  by 
1  Cd 

P=i-  j^cd  =  iTcd;  aEd  Ei  =  x  +  Cd- 

If,  for  other  reasons,  it  is  necessary  to  make  the  pitch  wider  than 
the  limit  given  by  E  =  1  +  Cd,  then  the  resistance  of  the  plate  is  in 
excess,  and  the  strength  of  the  joint  depends  on  that  of  the  rivets. 
The  Proportion  of  Strength  is  then  given  by 

Cd2N  X  eB  _   Cd2N  _   Cd 
P  LeE  L        =    fl- 

it thus  decreases  exactly  in  proportion  as  the  pitch  increases.  It  is 
important  to  note  this,  because  it  often  happens,  especially  with  steel 
joints,  that  the  pitch  is  made  wider  than  the  formula  (E  =  1  +  Cd) 
allows,  in  the  fear  that  too  much  will  be  taken  out  of  the  plate.  It 
is  clear  that  the  effect  of  this  is  simply  to  diminish  the  strength 
of  the  joint. 

Case  2. — Both  plates  of  the  same  thickness. 

Here  the  joint  will  of  course  be  symmetrical.  The  pitch  for  the 
successive  rows  up  to  the  middle  of  the  joint  will  be  fixed  by  (I.),  and 
the  total  number  of  rivets  by  (IT.).     Formula  (III.)  becomes  useless. 

(a)  Proportion  of  strength  fixed  beforehand.  Formula  (I.)  has 
the  usual  form, 

Nm  ^  Nx  +  Cd  2r-1N (I.) 

Formula  (II.)  takes  two  forms,  according  as  the  number  of  rows  is 
odd  or  even : 


If  n  =  2M  - 1,        Nir  +  2  2iI_1N  ^  ^ 

L 


»=  2M,  2(NM  +  2f-1N)^-c 


t  2 


(II'.) 
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(b)  Number  of  rows  of  rivets  fixed  beforehand.  The  pitch  in  the 
first  row  is  no  longer  arbitrary.  To  satisfy  formula  (II'.)  and  at  the 
same  time  satisfy  formula  (I.)  for  each  row,  we  must  have 

\ 


If  n  =  2M  -  1, 


d 


+  N> 


(2  +  Cd)"(l  +  C<QM-j»-i 
L 


or     Nm  ^ 


d 


+  Ni 


Nx  +  CdS^N 


N1  +  Cd2"l-1N 


Cd(2  +  Cd)(l+Cd) 
L 


ca 


If  n  =  2M, 


d 


+  N, 


(VI.') 


2  (1  +  Cd) 


P^^Nx  +  CdSrN 


^  +  N, 


TsT     Si 


N\  +  Cd  2i       N 


^M-»t 


2  Cd(l  +  Cd)*1""1  Cd 

Formula  (VI.')  fixes  a  minimum  for  the  number  of  rivets  in  any  row, 
while  (I.)  fixes  a  maximum.     Applying  (VT.)  to  row  1  we  get — 


If  n  =  2M  -  1,        Ni  ^ 

if  w  =  2M,  Nj  ^ 


x 

x 


#  "  (2  +  Cd)(l  +  Cd) 
L  1 

d 


-1 


M 


(VII.') 


J 


2  (1  +  Cd)      -  1 
This  formula  gives  the  maximum  Proportion  of  Strength,  p  =  1  —  N^' 

which  can  be  obtained  with  a  given  number  of  rows.  In  that  case 
the  joint  must  be  of  equal  strength  throughout,  and  we  must  put  the 
sign  =  in  formulae  (I.)  and  (VII.'). 


Case  3. — Plates  A  and  B  of  different  thicknesses,  both  given. 

(a)  Proportion  of  strength  given.  The  number  of  rivets  in  row  1 
is  then  fixed,  and  the  method  is  the  same  as  before.  We  follow  the 
formula 


N^^^  +  Cd^N 


up  to  the  row  m',  for  which 


^-N.O  +  CcZ) 


1  Cd  (1  +  <p  +  Cd) 


(I.) 


.    •    •  (IV.); 
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from  the  row  m  inclusive  we  follow  the  formula 

_  L l<p  -  Cd  ^""'n 
NOT  ^  d  9  .    .    .    .(III.); 

<p  +  Cd 
the  total  number  of  rivets  being  given  by 

2?N^     - (IL). 

*\  Cd 

(b)  Number  of  rows  given.  When  the  thickness  of  plate  B  was 
arbitrary,  with  n  rows  of  rivets,  the  maximum  pitch  in  row  1  was 
given  by  formula  (Vila),  Case  1  (c),  and  that  B  might  be  thick 
enough  to  allow  of  this  pitch,  we  had  to  take 

,  >  (l  +  cczr-i . 

Cdil  +  Cd/1-1 
If  the  actual  value  of  <£  is  above  this  limit,  the  case  becomes  the 
same  as  Case  1  (c).  But  if  </>  be  below  this  limit,  the  maximum  value 
of  TSlt  which  corresponds  to  the  joint  of  equal  resistance  throughout, 
cannot  be  calculated  by  any  simple  method.  In  tbe  special  case 
where  there  are  only  2  rows  of  rivets,  and  where  the  ratio  <£  of  the 

thicknesses  lies  between  1  and  \~7Tn \,  tbe  combination  of  tbe  formulas 


(II.)  and  (III.)  gives 


XNi  =  j     X 


d    *   $  +  Cd  O  +  IV 
This  formula  gives  the  greatest  practicable  Proportion  of  Strengtb. 
Tbe  number  of  rivets  in  row  2  is  fixed  by  combining  the  formulas 

^ cd-  ~ TO 

N°afLTT0T- <IIL> 

IV.  General  Observations. 

Width. — In  our  calculations  hitherto  we  have  supposed  the  width 
L  of  the  joint  to  be  given.  In  many  cases  this  is  true  ;  e.g.,  in  ship 
work,  for  the  keelsons,  frames,  &c.     For  certain  longitudinal  joints, 
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such  as  those  of  the  strakcs  in"  shipbuilding  or  the  webs  in  girders, 
the  joint  is  divided  into  equal  intervals  by  the  frames  or  stiffeners, 
and  these  intervals  may  be  taken  for  our  purpose  as  the  widths  of 
the  joints.  In  other  cases,  where  the  widths  are  practically 
indeterminate,  we  must  take  tbe  riveting  per  unit  length  of  the  joint ; 
L  will  then  be  the  unit  length,  and  N  the  number  of  rivets  per  unit 
length  instead  of  the  total  number  in  a  row. 

Butt-joints. — Hitherto  we  have  spoken  only  of  lap-joints.  All 
that  has  been  said  however  applies  precisely  to  a  butt-joint  with  a 
single  cover-plate,  and  the  same  rules  will  determine  the  riveting 
of  each  plate  to  the  cover.  When  the  two  plates  are  of  the  same 
thickness,  the  riveting  on  both  sides  of  the  joint  will  be  identical, 
and  the  strength  the  same.  If  the  plates  are  of  unequal  thickness, 
and  it  is  desired  to  make  both  sides  of  the  joint  equally  strong,  special 
calculations  must  be  made  for  each.  If  the  proportion  of  strength 
on  the  side  of  the  thinner  plate,  as  referred  to  that  plate  when  solid, 
is  called  p,  then  the  proportion  of  strength  p'  on  the  other  side 
referred  to  the  thicker  plate,  will  be  given  by 

,  e 

P1  =  px-, 

where  e  and  e'  are  the  thicknesses  of  the  plates.  But  it  is  simpler, 
and  generally  sufficient,  only  to  calculate  the  riveting  on  the  side  of 
the  thinner  plate,  and  to  adopt  the  same  proportions  for  the  side  of 
the  thicker  plate,  which  will  then  be  certainly  not  less  strong  than 
the  other. 

It  is  also  easy  to  deduce  from  the  rules  established  others  which 
apply  to  butt-joints  with  two  cover-plates.  In  this  case  each  rivet 
is  in  double  shear,  and  its  resistance  would  appear  at  first  sight  to 
be  doubled.  But  although  this  applies  to  the  shearing  resistance 
proper,  it  does  not  apply  to  that  due  to  the  friction  of  the  plates ; 
and  hence  we  might  expect  that  the  resistance  would  be  somewhat 
less  than  double,  as  some  writers  appear  to  have  found.  The 
experiments  on  this  point  are  not  however  numerous  and  precise 
enough  to  give  accurate  data ;  and  for  the  present  it  seems  better  to 
retain  the  usual  assumption  that  the  resistance  is  exactly  double. 
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Further,  the  resistance  to  tearing  of  the  cover-plates  is  determined 
for  any  row  by  the  sum  of  their  thicknesses.  Hence  all  we  shall  have 
to  do,  in  applying  our  formulae  to  butt-joints  with  two  covers,  will 
be  to  substitute  2  C  for  C  (that  is,  to  double  the  shearing  resistance 
of  the  rivets  in  each  row),  and  to  write  for  the  thickness  e'  of  the 
plate  B  the  sum  of  the  thicknesses  of  the  two  covers. 

Practical  Proportion  of  Strength. — We  have  now  the  means 
of  designing  a  joint  so  as  to  give  any  desired  proportion  of  strength. 
Now  when  we  have  to  unite  two  plates  which  do  not  suffer  any 
diminution  of  width  away  from  the  joint — e.g.  two  plates  in  tension, 
like  the  flange  of  a  girder — it  is  evidently  desirable  to  make  the 
proportion  of  strength  the  greatest  possible.  This  will  be  realised 
as  already  pointed  out,  by  placing  in  row  1  a  single  rivet  of  the 
smallest  diameter  allowable  ;  of  which  an  example  will  be  given 
further  on. 

If  however  the  plates  are  weakened  away  from  the  joint,  e.g.  by 
holes  being  cut  in  them  or  some  other  piece  attached  to  them,  it  is 
clear  that  there  is  no  use  in  giving  to  the  joint  a  greater  resistance 
than  that  of  the  plate  at  its  weakest  section.  If  we  suppose  this 
latter  resistance  to  be  given,  say  0  ■  85  that  of  the  solid  plate,  then  it 
will  suffice  to  give  the  joint  a  proportion  of  strength  —  0  •  85  ;  and  our 
formulae  will  then  determine  for  us  the  number  of  rows  of  rivets,  and 
the  pitch  in  each  row. 

Lastly,  if  the  joint  has  to  be  water-tight,  the  pitch  in  the  row 
next  the  caulking  edge  A,  Fig.  4,  Plate  28,  must  not  exceed  a  certain 
limit,  which  the  ordinary  practice  of  shipyards  has  fixed  at  about 
4^  diameters.  This  then  must  be  the  pitch  for  the  nih  row  in  a 
lap-joint,  or  in  a  butt-joint  with  one  cover-plate,  which  has  to  be 
made  water-tight.  But  by  using  a  cover-plate  thicker  than  the 
plates  to  be  joined,  Fig.  4,  we  may  diminish  the  pitch  in  going  from 
the  1st  to  the  n01  row  as  much  as  we  please ;  and  since  the  strength 
of  the  joint,  if  properly  designed,  depends  only  on  the  pitch  in  row  1, 
we  can  still  give  the  joint  any  strength  required.  If,  on  the  other 
hand,  we  adopt  two  cover-plates,  which  at  first  sight  would  appear 
preferable,  then  the  caulking  must  take  place  at  the  point  B,  Fig.  5, 
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Plate  28,  that  is  to  say,  on  the  edge  next  to  row  1 ;  and  therefore  it 
is  in  row  1  that  the  pitch  must  not  exceed  4i  diameters.  Hence  in  a 
water-tight  joint  with  two  covers  it  is  not  possible  to  obtain  a  greater 
proportion  of  strength  than  1  —  4.5>  or  0'78. 

It  is  true  that  in  the  latter  case  the  joint  is  symmetrical  on  its 
two  sides,  and  the  tensile  stress  may  seem  to  be  transmitted  across 
it  with  less  fatigue  to  the  rivets.  But  this  fatigue,  which  would  be 
serious  with  a  single  riveted  lap-joint,  loses  much  of  its  importance 
in  a  butt-joint  with  one  cover,  and  having  two  or  three  rows  of  rivets. 
Hence  it  appears  that,  if  we  wish  to  give  to  a  water-tight  joint  a 
higher  proportion  of  strength  than  0  ■  78,  as  will  often  be  the  case,  it 
is  better,  instead  of  adopting  two  covers,  to  employ  a  single  cover- 
plate  of  greater  thickness,  proportioning  this  thickness  by  our 
formulae,  so  as  to  give  the  proportion  of  strength  desired.  Many 
cases  of  this  kind  occur  in  ship-work. 

Narrowing  of  the  plates  towards  the  edge.  — In  applying  the  practical 
formulae  given  on  p.  176,  we  determine  the  number  of  rivets  in 
each  row  on  the  supposition  that  the  widths  of  the  two  plates  are 
equal  and  constant.  But  from  p.  172  it  is  evident  that  from  row  1 , 
uj>  to  the  row  at  which  we  cease  to  follow  formula  (I.)  and  adopt 
formula  (III.),  this  latter  formula  is  more  than  satisfied.  Hence  the 
pitch  in  plate  B  need  not  be  so  large  as  that  actually  given  ;  it  will 
be  sufficient  that  it  satisfies  the  more  general  formula  (Sb).  Similarly 
in  the  rows  in  which  formula  (III.)  is  used,  the  pitch  on  the  plate  A 
(Sb)  need  not  be  so  large,  and  it  would  be  sufficient  to  satisfy  the 
general  formula  (lb).  In  consequence,  after  having  calculated  the 
number  of  rivets  in  each  successive  row,  as  if  the  two  widths  were 
the  same  throughout,  we  may  fix  the  minimum  width  for  each  plate, 
from  what  may  be  called  the  row  of  transition  to  its  edge,  by  means 
of  the  two  following  formulas  : — 
From  row  1  to  row  of  transition, 

Ll^N^+^X'N (Sb) 

From  row  of  transition  inclusive  to  row  n, 

Lm ^ Lx  -  Nxd  +  Nmd  -  Cd2^ _1N     .     (lb) 
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If  the  two  thicknesses  are  equal,  it  will  suffice  to  diminish  the 
width  towards  both  edges  according  to  the  formula  (3b).  We  may 
in  practice  reduce  the  width  for  each  successive  row  by  shearing  the 
plate  along  straight  lines,  such  that  at  each  row  they  leave  a  width 
above  the  limit  marked  by  the  formulas  (lb)  and  (3b).  For  example, 
in  the  joint,  Fig.  6,  Plate  23,  the  riveting  of  the  rows  1,  2,  and  3  has 
been  calculated  according  to  formula  (I.),  and  that  of  rows  4  and  5 
according  to  formula  (III.)-  The  width  of  plate  B  is  then  reduced 
from  row  4  in  one  direction,  and  that  of  plate  A  in  the  other 
direction,  as  shown  in  Fig.  7 ;  the  pitch  of  the  rivets  being  modified 
to  suit.  This  reduction  of  width  has  the  double  advantage  of 
assisting  the  equalising  of  the  joint,  and  of  effecting  an  economy  in 
the  weight,  which  in  some  cases  may  be  not  inconsiderable. 

Diameter  of  Rivets. — First,  if  we  have  to  give  to  a  joint  a  certain 

proportion  of  strength,  it  is  necessary  that  the  shearing  resistance  of 

all  the  rivets  should  be  not  less  than  the  tensile  resistance  of  the 

plate  along  row  1.     The  total  sectional  area  of  the  rivets  is  therefore 

a  fixed  quantity,  and  their  number  will  thus  be  less  as  their  diameter 

is  greater.     Next,  if  we  proceed  to  examine  the  greatest  proportion 

of  strength  which  it  is  possible  to  obtain  with  a  given  number  of 

rows,  and  which  corresponds  to  the  joint  of  equal  resistance,  we  see 

N  d  N  d 

that  the  proportion  of  strength  p  =  1  —  -f-  is   greater  as    -£-  is 

less.  Now  we  have  seen  in  Section  III.  that  the  minimum  value  of 
the  product  Nxd  is  less  as  the  diameter  of  the  rivets  is  greater. 
Hence,  with  a  given  number  of  rows,  the  maximum  proportion  of 
strength  is  greater  as  the  rivet  diameter  is  greater.  Lastly,  for  the 
same  thickness  of  plate,  the  rivet  diameter  should  increase,  other 
things  being  equal,  with  the  strength  of  the  material  of  which  the 
plates  are  made.  For  formula  (II.),  which  fixes  the  least  number  of 
rivets  which  is  allowable,  is 

L_N  1-N^ 

2"N  =  d =  II  xL  =  ,.xi 

^i  Cd  Cd2  Cd- 

Hence,  for  a  given  proportion  of  strength  p,  the  minimum  number  of 
rivets  varies  inversely  as  Cd2 :  in  other  words,  to  obtain  the  same 
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proportion  of  strength  with  the  same  number  of  rivets,  the  diameter 
of  the  rivets  must  vary  inversely  as  JC ;  or,  speaking  more 
generally,  must  be  greater  as  the  tensilo  strength  E  of  the  plate 
is  greater,  since  C  varies  inversely  as  It.  One  result  of  this  principle 
is,  as  will  be  seen  further  on,  that  in  many  cases,  and  especially  in 
the  case  of  single-riveted  lap-joints,  the  rivets  should  be  given  a 
larger  diameter  with  steel  plates  than  with  iron. 

V»  Numerical  Applications. 

Determination  of  Constants. — To  apply  the  preceding  theory  to 
any  particular  case,  we  must  first  determine  the  numerical  values  of 
the  constants  E  and  E',  which  represent  respectively  the  tensile 
resistance  of  tho  plate  and  the  resistance  of  the  rivet  in  single  shear. 

With  regard  to  the  value  of  E,  we  shall  adopt  32  kg.  per 
sq.  mm.  (20  •  2  tons  per  sq.  in.)  for  iron  plates  drilled,  and  42  kg. 
(26-5  tons)  for  steel  plates;  the  effect  of  punching  has  already  been 
considered,  p.  177. 

With   regard   to  the  value   of  E',    the  resistance  of  a  rivet  is 

not  the  same  as  the  shearing  resistance  of  a  rivet  bar  as  sheared 

between  two  plates.      The  process  of  riveting  has  two  effects.      It 

places  the  rivet,  when  cold,  in  a  state  of  tension,  which  diminishes 

its  shearing  strength ;    and  it  also,  in  consequence  of  this  tension, 

produces  a  friction  between  the  plates,  which  goes  to  increase  the 

apparent  shearing  strength.     It  is  not  easy  to  calculate  these  two 

effects,  and  the  experiments  made  on  the  subject  are  not  sufficiently 

numerous  to    ascertain    them.       The   permanent   elongation   of  the 

rivet  depends  upon  the  compression  produced  on  the  plate  by  the 

rivet  head,  and  in  caulking.     This  elongation  will  therefore  depend 

on  the  form  of  the  rivet  head,  as  will  also  the  friction  which  it 

produces  ;  a  result  which  appears  from  the  figures  given  in  Eeed  on 

Iron  Shipbuilding.     On  the  whole  we  shall  adopt  35  kg.  per  sq.  mm. 

(22   tons   per  sq.   in.)  as  the  total  resistance  of  an   iron  rivet   in 

single  shear  :  steel  rivets  will  not  be  considered.     Taking  this  value 

for  E',  it  is  easy  to  calculate  the  value  of  the  coefficient  C,  which 

is  the  expression   entering   into   the  formula.      This  expression  is 

given  by 

C  =  *,  where  K  =  -  ? . 
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Here  the  values  of  E  and  of  K  under  different  circumstances  will  be 
taken  as  in  the  following  Table  : — 


Iron  Plates,  Punched 

„  Drilled    

Steel  Plates,  Drilled  or  rimered 
out  after  punching 


Value  of  R. 


Kg.  per 
sq.  mm. 


27-9 
32-4 

42-1 


Tons  per 
sq.  in. 


Corresponding 
Value  of  K. 


17-7 
20-6 

26-7 


1-00 
0-85 

0-65 


The  value  of  C  will  be  found  on  dividing  K  by  the  thickness  e  of  the 
thinner  plate. 

The  values  here  given  for  the  constants  are  not  of  course  intended 
to  be  final,  and  must  be  corrected  by  actual  experiment.  Their 
actual  values  have  nothing  to  do  with  the  theory  of  the  subject ;  and 
what  is  required  from  actual  experiment  is  to  ascertain  the  values 
which  best  satisfy  the  formulae  we  have  deduced. 

Diameter  of  Bivets. — We  have  already  pointed  out  the  general 
advantage,  so  far  as  strength  is  concerned,  of  making  the  diameter  of 
the  rivets  as  large  as  possible.  It  is  easy  to  give  theoretically  an 
inferior  and  a  superior  limit  for  their  diameter,  fixed  respectively 
by  the  power  of  the  punch  to  stand,  in  the  case  of  punched  plates, 
and  by  the  bearing  resistance  of  the  rivets  in  the  holes.  But  the 
limits  thus  marked  out  are  generally  much  wider  than  those  which 
are  fixed  by  practice.  If  the  rivet  is  too  large,  the  head  may  be 
liable  to  be  pulled  off  under  the  longitudinal  strain  to  which  it  is 
subjected ;  this  fixes  a  superior  limit  to  the  diameter,  which  may  be 
reached  in  the  case  of  butt-joints  with  two  covers. 

The  following  Table  gives  the  limits  within  which  the  diameter  of 
the  rivets  varies  for  various  thicknesses  of  plate,  according  to  the 
practice  of  a  large  number  of  works.  The  thickness  here  given  is 
that  of  the  thinner  of  the  two  plates  to  be  joined,  and  the  diameter 
of  the  rivets  varies  by  intervals  of  two  millimetres  (0*079  in.), 
between  the  limits  given. 
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Pitch  in  the  several  Bows.  —  The  pitch  given  by  theory  in  the 
several  rows  of  rivets  will  of  course  be  subject  to  some  modifications 
in  practice.  It  is  evident  that  there  is  a  limit  to  the  closeness  with 
which  two  rivets  may  be  brought  together.  This  limit  it  is  difficult 
to  fix  exactly,  but  it  may  be  taken  at  2i  diameters.  The  extent 
beyond  which  the  pitch  should  not  be  widened  is  yet  more  doubtful, 
except  in  the  case  of  water-tight  joints,  as  in  ships,  or  steam-tight 
joints,  as  in  boilers.     For  these  it  may  be  fixed  at  4^  and  4  diameters 
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respectively  Lastly,  it  will  of  course  be  necessary  to  make  the  pitch 
vary  in  such  a  manner  as  will  involve  the  addition  or  subtraction  of 
an  integral  number  of  rivets. 

Calculation  for  a  Joint  of  Maximum  Strength. — We  will  now  give  a 
single  example  of  the  calculation  for  an  actual  joint ;  and  we  will 
take  the  case  of  a  plate  which  is  not  weakened  anywhere  outside  the 
joint,  and  in  which  the  joint  is  therefore  to  be  as  strong  as  possible. 
We  shall  assume  the  rivets  to  have  the  same  diameter  throughout, 
and  shall  follow  the  method  developed  in  Section  III.  :  first  designing 
the  joint  as  if  the  width  of  the  plate  was  to  remain  constant,  and  then 
showing  how  to  reduce  this  width  towards  the  end  of  each  plate. 
The  joint  as  thus  designed  is  shown  in  Figs.  6  and  7,  Plate  28. 

The   particulars   and    dimensions   of    the   joint,   the    latter    in 

millimetres  throughout,  are  as  follows  : — Iron  plate,  punched  ;  width 

L  =  520,  thickness  e  of  plate  A  =  15,  thickness  e'  of  plate  B  =  21, 

21  1 

<£  =  jg  =  1  •  4,      ®  —  151      diameter  of  rivet  d  =  20.     Hence 

|=26,    ^>=36-4,    +  +  C<Z  =  2-73,    ^=0-488,    Cf  =  19-1. 

With  one  rivet  in  the  first  row  the  greatest  possible  proportion  of 
strength  is 

rl  2*5 

P=  1-^  =  ^  =  0-96; 

and  we  must  have 

L-Nl 

±^-  =  18-7  =£  2?  N (II.) 

The  riveting  of  the  successive  rows  will  be  regulated  by  the  formulas 

N^^  +  C^r'N.     .    . (I.) 

up  to  the  row  m',  for  which  we  find 

^-N^  +  CJ) 

For  the  row  m!  and  all  beyond  it,  we  follow  the  formula 

>-qs.-'K (IIL). 
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Hence  we  easily  deduce  the  following  Table  of  calculations : — 
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In  this  Table  each  figure  in  column  3  is  obtained  by  adding  together 
the  figures  in  columns  2  and  3  of  the  row  above.  Each  figure  in 
column  5  is  obtained  by  subtracting  the  figure  in  column  4  from  that 
in  column  5  of  the  row  above. 
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The  reduction  in  width  towards  the  end  of  the  plates  will  be 
calculated  by  taking  the  width  L'm,  so  as  to  have  up  to  the  row  to' 


L'^^Vn  +  NuleZ 


(36) 

and  then  the  width  Lm,  so  as  to  have  from  the  row  to'  inclusive  up  to  n, 
L^Lj  -  IV  +  Nwd  -  Ce^r'N      .     .     .     (16) 
Hence  these  widths  are  given  by  the  following  Table : — 
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Hero  column  4  is  formed  by  adding  together  the  numbers  in 
columns  2  and  3.  Column  5  is  formed  by  multiplying  the  numbers 
of  the  row  above  in  column  2  by  <£.  Column  6  is  formed  from 
columns  3  and  5. 

From  tbese  calculations  the  design  of  the  joint  is  determined,  as 
finally  given  in  Fig.  7,  Plate  28. 

VI.  Vaeiotjs  Applications  of  the  Theoet. 

Riveting  of  a  Joint  with  a  given  Proportion  of  Strength. — As  already 
mentioned,  when  a  plate  is  weakened  away  from  a  joint,  either  by  boles 
cut  in  it  or  by  the  attachment  of  some  other  piece,  it  is  useless  to 
give  to  the  joint  a  higher  proportion  of  strength  than  corresponds  to 
the  weakened  section.  This  proportion  of  strength  being  given,  it  is 
easy  to  calculate  the  elements  of  the  joint  accordingly.  As  an 
example  we  may  calculate  the  joint,  Fig.  8,  Plate  28,  of  an  iron  deck- 
plate  800  mm.  wide  (31^  in.)  and  12  mm.  thick  (^  in.),  attached  to 
the  beams  by  a  row  of  5  rivets  20  mm.  diameter  (0*8  in.)  and 
pitched  at  8  diameters.  The  strength  of  the  plate,  at  its  attachment 
to  the  beams,  is  reduced  in  the  ratio  of  8  to  7,  or  to  0*875.  We 
will  take  a  slightly  higher  figure,  0*885,  for  the  proportion  of 
strength  of  the  joint.  "We  will  assume  the  holes  to  be  punched, 
the  joint  to  be  a  butt-joint  with  one  cover,  and  the  rivets  to  be  from 
18  to  22  mm.  diameter. 

We  shall  then  have  L  =  800,  e  =  12,  C  =  ■&.     Should  we  take 

the  thickness  of  the  cover  the  same  as  that  of  the  plate,  and  assume 

two  rows  of  rivets  22  mm.  diameter  on  each  side,  we  should  only 

have,  by  (VIP.)  p.  182, 

i  x  11       n.-7Q~ 

p  =  1 2~x22  =  7T  =  °  w8°' 

With  a  cover  thicker  than  the  plate,  and  with  two  rows  of  rivets, 
the  greatest  possible  proportion  of  strength  is  given  (Case  1  b,  p.  179) 

bv  o  =  1 —  •      Taking  rivets  of  22  mm.  diameter,  the  greatest 

u,yp  (1+Cd)2  D  '         6 

7 
possible  value  of  p  is  g,  in  which  case 

L  1        _  800       1_ 

Ni  =  d  X  (1  +  Cd)2  =    22"  X   (2-8S)4   ~  4"55, 
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This  is  a  fractional  number,  which  is  inadmissible ;  and  if  we  put 
five  rivets  in  the  first  row,  the  strength  will  be  insufficient.  We 
must  therefore  adopt  three  rows  of  rivets.  We  shall  then  have,  with 
a  cover  12  mm.  thick,  by  formula  (VII'.),  page  182, 

o^l  - 


(2  +  Cd)  (1  +  Cd) 


With  rivets  of  20  mm.  diameter  this  value  would  be  greater  than 
0-885,  but  we  should  have  an  inadmissible  fractional  value  for  Nr 
If  we  take  22  mm.  as  the  diameter,  we  shall  have 

If  we  take  four  rivets  for  the  first  row,  NL  =  4,  and  we  must  have 

Na  ^  4  x  2-83,  or  N^  ^  11-32. 

N   >    (36-4- 4x2-83)2-83  N    >  1Q   , 

iN2  — 1-83x3-83 '  0F  *>  =  iU   L 

If  we  then  take  Nx  =  N3  =  4,  and  N2  =  11,  we  shall  have 

4  X  22 
for  proportion  of  strength,  p  =  1  —     8QQ     =  0  ■  890 

for  relative  pitch,  Ex  =  E3  =  9  •  1,  E2  =  3  •  3. 

If  the  joint  must  be  water-tight,  as  in  the  case  of  a  water-tight 
deck,  the  pitch  of  9  diameters  in  row  3  is  inadmissible.  We  must 
therefore  use  a  cover  thicker  than  12  mm.,  but  must  still  retain  three 
rows  of  rivets.  The  calculation  will  then  be  as  follows,  following 
the  formula  of  page  179,  Case  1  (a).      We  have   L  =  800,  e  =  12, 

C  =  TV,    d  =  20 ;     whence  -j  =  40,     Cd  =  § .     We  wish  to  have 
p^  0-880;  whence  Nx  ^  x 0-120,  or  N\  ^4-8. 


If  then  we  take  Xx  =  4,  we  have 
--Hi 

?i  N  ^  f^r~'  or  2"  N  —  21 '  6> 

and  we  deduce  the  following  Table  of  calculations :— 


19G 
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No.  of  row. 


Rivets     CdNin 


6-6G 

10 


2~X  =  22  >  21*6 


Ni+CrfSr    *N^Ni 


Em 

Relative 
Pitch 


4 
10-GG 

23-98 


10 
5 
4 


We  shall  then  have 


4X20 

P=l--800-  =0-900; 


and  by  formula  (V.),  p.  179,  we  must  take  <f>  ^  ^  —  3  or  <£ 

The  thickness  of  the  cover-plate  will  be  given  by 
e'^  1-222x12,  ore'  ^  15. 


^1-222. 


Calculation  for  the  Joints  of  a  Keelson,  to  which  are  attached  water- 
tight frame-plates,  Fig.  9,  Plate  28. — At  the  attachment  of  the  frame- 
plates,  the  rivets  must  be  spaced  at  4^  diameters  at  furthest :  hence 
the  strength  of  the  keelson  plate  is  reduced  in  the  ratio  of  45  to  35, 
or  to  0-777.  It  is  therefore  needless  to  give  the  joint  in  the  keelson 
a  greater  proportion  of  strength  than  0-78.  A  steel  plate 
12  mm.  thick  (h  in.),  having  rivets  22  mm.  diameter  (-£-  in.),  and  with 
either  two  covers  single-riveted,  or  one  cover  of  the  double  thickness 
double-riveted,  would  only  give  a  proportion  of  strength 

1 


=  1  - 


1  + 


2  x  0-65  x  22 
12 


=  0-705. 


A  double  cover  with  two  rows  of  rivets  will  allow  us  to  take 
(writing  2  C  for  C  in  the  latter  of  the  two  formulae  VII',  p.  182,  to 
allow  for  the  double  cover) 

E1  =  E,^1  +  4CJ,     orE1  =  E2^5-72. 
Hence  a  pitch  comprised  between  5-72  diameters  audi — tt^  = 

1 — 0"76 

4-55  diameters,  will  give  a  proportion  of  strength  above  the  required 
limit. 
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Weakening  of  Plates  at  Points  of  Attachment. — Since  the  weakening 
of  plates  by  their  attachment  to  other  pieces  limits  the  strength  which 
it  is  possible  to  give  to  them,  it  is  most  desirable  to  diminish  this 
weakening  as  far  as  possible ;  especially  in  the  case  of  important 
connecting  pieces,  such  as  deck-plates,  shell-plates,  keelsons,  &c. 
The  evil  of  this  weakening  has  a  special  importance  in  the  case  of 
water-tight  attachments,  where  from  the  narrowness  of  the  pitch  the 
proportion  of  strength  is  necessarily  reduced  to  about  0  ■  78. 

It  is  possible  largely  to  reduce  this  loss  of  strength  by  the 
employment  of  cover-plates  or  strengthening  plates,  secured  by  suitable 
riveting  to  the  two  pieces  at  their  point  of  attachment.  We  will 
first  indicate  the  general  mode  of  proportioning  these  strengthening 
plates  and  their  rivets,  and  we  will  afterwards  take  an  example  from 
shipwork,  namely  the  calculation  of  the  cover-plates,  or  strengthening 
plates,  placed  at  the  junction  of  the  shell-plates  and  the  water-tight 
frames. 

Let  A,  Figs.  10  and  11,  Plate  29,  be  a  plate  of  width  L,  which  is 
weakened  by  the  rivet  holes  at  the  attachment  of  a  transverse  angle- 
iron  or  T  iron  B.  Then  the  strengthening  plate  C  is  to  be  riveted 
to  the  plate  at  the  position  of  attachment,  so  as  to  form  a  joint 
having  a  given  proportion  of  strength. 

It  is  clear  that  the  joint  will  be  symmetrical  on  both  sides  of  the 
tow  M,  Fig.  10,  or  of  the  rows  M  and  M  -f  1,  Fig.  11,  which  are 
formed  by  the  rivets  making  the  attachment.  The  total  number  of 
rows  uniting  the  cover  to  the  plate  will  therefore  be  n  =  2  M  —  1,  or 
n  =  2  M  respectively.  Secondly,  the  strength  of  the  joint  cannot  be 
greater  than  the  resistance  Ex  =  ax  of  the  plate  A  along  the  row  of 
rivets  1  or  n,  at  the  outside  of  the  cover.  Thus,  assuming  at  first 
that  the  thickness  of  the  cover  is  too  great  to  allow  it  to  break 
anywhere,  we  see,  as  in  page  169,  that  for  every  possible  mode  of 
fracture  of  plate  A  the  resistance  must  be  greater  than  Ex,  and  that 
this  gives  the  condition — 

,      _-.Hl  —  1       --> 

am+2i       r^ax. 
Hence  if  the  width  is  the  same,  and  the  rivets  equal  throughout,  we 
shall  have 

N^^  +  C^r-^ (I.)- 

u  2 
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This  is  the  same  formula  as  that  for  a  single  cover-plate  in  an 
ordinary  joint.  Since  the  joint  cannot  give  way  by  the  shearing  of 
all  the  rivets,  condition  (II.)  is  in  this  case  superfluous. 

Again,  as  in  page  170,  we  shall  easily  establish  the  supplementary 
condition  necessary  to  prevent  rupture  of  the  cover.  Since  the 
plate  A  is  not  divided,  this  cover  cannot  give  way  unless  plate  A 
gives  way  also.  Hence,  the  joint  being  symmetrical,  we  need  only 
consider  the  case  where  A  gives  way  along  some  row,  m,  of  one  of  the 
two  halves  of  the  joint,  as  in  Fig.  12,  Plate  29.  The  cover  C  may  then 
give  way  either  at  row  m,  or  at  row  m  —  1,  or  at  row  m  +  1.  without 
any  shearing  of  the  rivets  ;  or  it  may  give  way  along  some  other  rowp, 
and  the  rivets  between  the  rows  m  and  p  may  be  sheared.  It  will 
be  needless  to  consider  the  case  where  p  is  in  the  opposite  half  of 
the  joint  from  m ;  since  the  cover  C  would  sooner  give  way  along  the 
symmetrical  row  in  the  other  half,  where  its  tensile  resistance  is  the 
same,  and  for  which  the  number  of  rivets  to  be  sheared  would  be 
less.  Assuming  m  and  p  to  be  in  the  same  half  of  the  joint,  we 
shall  find,  as  in  page  171,  that  if  the  resistance  for  any  of  the  above 
modes  of  rupture  is  to  be  equal  to  or  greater  than  K1,  it  is  sufficient 
to  have  for  any  row  between  1  and  M 

or,  if  the  rivets  are  equal  throughout,  by  formula  (3  6),  p.  176, 

(^-N.V^CdSTN (III.) 

If  we  suppose  that  the  cover  is  of  constant  width  L,  the  pitch 
will  decrease  from  row  1  to  row  M,  in  accordance  with  formula  (I.). 
Hence  if  formula  (III.)  is  satisfied  for  row  M,  it  will  be  satisfied 
a  fortiori  for  all  the  other  rows,  since  N„  and  27N  both  decrease. 

Consequently,  if  the  proportion  of  strength  p  is  given,  N,  will  be 
determined  by  the  formula 

The  pitch  in  the  successive  rows  is  then  regulated  by  formula  (I.), 
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The  number  of  rows  is  fixed  by  the  condition, 
(j-  N3iy^C^iMN, 

where  the  value  of  Nm  is  given,  being  the  number  of  rivets  in  the 
attachment  of  the  frame. 

Finally  we  may  determine  the  diminution  in  width  to  be  given  to 
the  cover,  by  applying  formula  (III.),  or 

P/72 

The  other  half  of  the  joint  will  of  course  be  identical  in  its  design. 

Strengthening-plates  for  the  outside  Strakes  of  Shell  Plating,  Fig.  13, 
Plate  29. — The  strakes  of  the  shell  plating  are  evidently  weakened, 
wherever  they  are  attached  to  the  water-tight  frames  of  the  vessel, 
to  the  same  extent  as  the  keelson  last  considered,  that  is  to  the 
ratio  -£.  On  the  other  hand  the  riveting  in  the  other  frames 
has  a  pitch  of  about  8  diameters,  and  the  reduction  in  strength  is 
therefore  to  |-  only.  The  plates  themselves  are  supposed  to  break 
joint  in  such  a  way  that  the  mean  proportion  of  strength  in  the  skin 
between  any  two  frames  is  greater  than  -|. 

It  is  therefore  desirable  to  give  to  the  outer  plating  at  its  junction 
with  the  water-tight  frames  a  proportion  of  strength  not  less  than 
-|.  For  this  purpose  the  filling  plate,  which  must  be  inserted  between 
the  outside  strake  and  the  frame,  is  often  extended  to  reach  to  the 
frame  on  each  side.  In  other  cases  it  is  considered  sufficient  to  make 
this  plate  wide  enough  to  insert  a  second  row  of  rivets  ;  but  this  is  far 
from  obtaining  the  desired  result.  The  result  may  be  obtained 
however,  with  a  great  economy  over  the  extended  filling  plates 
mentioned  above,  if  we  employ  as  filling  plates  strengthening  plates 
whose  riveting  is  proportioned  according  to  the  theory  here  developed. 

Consider  an  inside  strake  A,  Fig.  13,  Plate  29,  and  an  adjoining 
outside  strake  B.  The  mean  proportion  of  strength  of  the  two  strakes 
together  is  now  |,  or  0-777,  and  it  is  required  to  make  it  |-,  or  0875. 
Since  the  inside  strake  A  must  still  retain  the  proportion  px  =  0*777, 
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wc  must  increase  the  proportion  p2  for  the  outside  strake  B,  so  as  to- 
have 

Pl+/2    =0-875; 
whence  Pi  =  2  x  0-875  -  0-777  -  0-973  ; 

we  must  then  take  N^  ^  -j  (1  —  p2). 

The  riveting  of  the  successive  rows,  the  number  of  rows,  &c,  will  be 
fixed  by  the  formula)  given  in  the  last  example. 


'Riveting  of  Corner  Angle-irons. — We  will  here  consider  the  case  of 
a  plate  A,  Fig.  14,  Plate  29,  which  is  to  be  united  to  another  plate  B, 
crossing  it  at  right  angles,  by  an  angle-iron  C.  The  riveting  of 
plate  A  to  the  angle-iron  must  be  fixed  as  in  the  case  of  a  joint  with 
one  cover ;  or,  if  there  are  two  angle-irons,  Fig.  15,  as  in  the  case  of 
a  joint  with  two  covers.  Supposing  this  riveting  settled,  it  is  clear 
that  the  rivets  which  unite  the  other  flange  of  the  angle-iron  to  plate 
B  must  have  a  total  resistance  to  tension  equal  to  the  resistance  of 
the  joint  uniting  A  and  C.  If  this  joint  is  one  of  equal  resistance,  its 
strength  per  unit  length  will  be  the  total  resistance  to  shearing  of  all 
the  rivets  in  that  length.  If  then  we  assume  for  simplicity  that  the 
tensile  resistance  of  the  rivets  is  the  same  as  the  shearing  resistance  ; 
and  if  we  denote  by  d  the  diameter  of  the  rivets  in  plate  A,  and  by 
JS\  N2  the  number  in  each  of  the  two  rows,  and  denote  by  d'  Nx'  N/ 
the  same  elements  for  plate  B  ;  then  Ave  must  have 

<P  (N:  +  Na)  -  d'2  (N/  +  N2'). 

Or  if  we  substitute  for  the  number  of  rivets  the  mean  relative  pitch  E7 
we  shall  have 


d 


(i  +  #  =  *(i+i)-  •  •  •  (7)' 


It  is  clear  that  the  same  relation  will  hold  where  there  are  two 
angle-irons  at  the  junction. 

If  the  joint  between  A  and  C  is  not  exactly  of  equal  resistance, 
we  must  take  as  its  strength  the  resistance  of  the  thinner  plate  along 
the  first  row  of  rivets.     The  condition  just  given  will  then  be  more 
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than  sufficient,  and  the  attachment  of  the  angle-iron  to  plate  B  will 
be  stronger  than  that  to  plate  A. 

Hence,  if  we  wish  to  give  the  greatest  possible  strength  to  a  joint 
of  this  kind,  we  must  first  settle  the  riveting  of  plate  A,  and  must 
then  deduce  by  formula  (7)  the  riveting  of  plate  B.  But  if,  as  is 
often  the  case,  the  pitch  on  plate  B  must  not  be  below  a  certain  limit, 
for  fear  of  weakening  the  plate,  we  must  deduce  by  formula  (7)  the 
number  of  rivets  per  unit  length  for  plate  A ;  and  then  divide  these 
into  one  or  two  rows  as  may  be  advisable,  so  as  to  satisfy  the  general 
rules  of  the  theory. 

Influence  of  Corrosion  on  tlie  Strength  of  Riveted  Joints. — When 
plates  are  exposed  to  a  considerable  and  regular  corrosion,  as  on  the 
inside  of  boilers  and  the  outside  of  ships,  their  strength  and  that  of 
their  joints  gradually  diminishes ;  and  it  is  the  strength  after 
corrosion,  when  fracture  is  most  likely  to  take  place,  which  is  the 
most  important.     It  is  therefore  desirable  to  examine  this  point. 

Let  us  assume  for  simplicity  that  the  plate  is  corroded  regularly 
on  one  face  only,  and  that  it  is  butt-jointed  with  one  cover,  the 
corrosion  being  on  the  opposite  face.  Let  the  thickness  be  thus 
reduced  to  a  fraction  m  of  its  original  thickness.  The  strength  of 
the  plates  along  the  row  of  rivets  will  then  be  reduced  in  the  same 
proportion,  whilst  the  strength  of  the  rivets  will  be  unaltered.  Xow 
if  the  joint  has  been  designed  on  the  basis  of  the  strength  of  the 
plate  along  row  1,  its  proportion  of  strength  will  remain  the  same 
after  corrosion.  On  the  other  hand,  if  the  joint  was  originally  of 
equal  resistance,  the  strength  of  the  rivets  after  corrosion  will  be  in 
excess.  Hence  if  we  wish  the  joint  to  be  of  equal  resistance  after 
corrosion,  that  is  when  the  plate  is  reduced  in  the  proportion  m  to  1, 
we  have  only  to  design  the  joint  originally  with  this  view ;  that  is 
to  say,  instead  of  using  the  value  R  for  the  tensile  strength  of  the 
plate,  we  must  use  the  value  mB.  The  plate  will  then  be  stronger 
than  the  rivets  at  first,  but  this  excess  of  strength  will  be  destroyed 
by  the  corrosion. 

Reduction  in  Width. — It  often  happens,  in  ship-work  especially, 
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that  the  actual  strength  of  a  joint,  which  is  always  less  than  that 
of  the  solid  plate,  falls  of  necessity  much  helow  this  superior 
limit ;  so  that,  outside  the  joint,  the  plates  have  a  strength,  and 
therefore  a  weight,  much  beyond  what  is  necessary.  For  this 
reason  it  has  been  proposed  to  use,  for  boilers,  plates  with 
thickened  edges  (see  Proceedings  Inst.  Mech.  E.  1872,  p.  71) ;  and 
in  such  cases  this  appears  the  only  possible  solution,  although  it 
unfortunately  presents  great  practical  difficulties.  For  plates  which 
are  not  to  be  water-tight  it  is  an  obvious  remedy  to  reduce  the  width, 
by  cutting  out  parts  or  otherwise,  everywhere  except  at  the  joint. 
Such  reductions  in  width  have  become  general  in  ship-work,  but 
they  are  not  always  proportioned  in  a  rational  manner.  Taking  only 
the  ordinary  case,  in  which  a  plate  is  subjected  to  no  stresses  except 
those  of  tension,  it  is  clear  that  the  reduction  in  width  should  be 
such,  that  the  ratio  of  the  reduced  to  the  full  width  is  equal  to  the 
proportion  of  strength  in  the  joint.  The  latter  may  be  determined 
by  the  rules  laid  down  in  this  paper ;  and  the  proper  reduction  of 
width  can  thus  be  fixed  without  difficulty. 


April  1881.  205 


EESULTS  OF  EXPEEIMENTS  ON  EIVETED  JOINTS 

MADE  FOE  THE 

INSTITUTION  OF  MECHANICAL  ENGINEEES. 


Br  Prof.  ALEX.  B.  W.  KENNEDY,  of  London. 


The  Author  has  been  asked  by  the  Council  and  the  Committee 
on  Biveting  to  place  before  the  members  of  the  Institution,  in 
the  form  of  a  paper,  a  statement  of  the  general  results  of  a  series 
of  experiments  bearing  upon  the  strength  of  Eiveted  Joints,  which 
have  been  made  by  him  for  the  Committee.  The  form  which  the 
experiments  have  taken  was  determined  on  after  much  discussion 
by  this  Committee,  and  will  be  presently  described.  The  material  used 
throughout  both  for  plates  and  rivets  was  "  mild  steel  "  of  very  uniform 
quality,  made  by  the  Landore  Steel  Company.  The  machining 
and  other  preparation  of  most  of  the  specimens,  and  the  whole  of 
the  riveting  up,  was  done  by  Mr.  William  Boyd,  at  his  works  at 
Wallsend.  The  actual  testing  of  Series  I.  to  VII.  was  done  upon  the 
testing  machine  in  the  author's  laboratory  at  University  College,  and 
under  his  own  immediate  superintendence.  The  specimens  in  Series 
VIIL,  which  were  too  large  for  this  machine,  were  tested  at  Barrow 
in  the  machine  belonging  to  the  Barrow  Haematite  Steel  Company ; 
who  kindly  allowed  the  Author  to  supervise  the  experiments,  so 
that  they  might  be  conducted  throughout  similarly  to  the  former 
ones.  It  may  perhaps  be  mentioned  here  that  the  supply  of  the 
material  from  Landore,  the  long  and  troublesome  preparation  of  the 
specimens  by  Mr.  Boyd,  as  well  as  the  use  of  the  testing  machine  at 
Barrow,  have  been  entirely  without  expense  to  the  Institution ;  and 
the  Author  has  had  much  pleasure  in  putting  his  services  at  the 
disposal  of  the  Committee  in  the  same  way. 

It  ought  also  to  be  added  that  the  Author,  having  been  asked 
simply  to  make  a  statement  of  his  own  results,  has  not  of  course 
made  any  attempt  to  compare  these  results  with  those  of  others.     So 
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far  as  the  business  of  the  Committee  is  concerned,  the  work  of  making 
any  such  comparison  has  lain  happily  in  the  much  abler  hands 
of  Prof.  W.  C.  Unwin,  whose  most  valuable  comparative  Tables  and 
lieport  are  already  in  the  hands  of  members.* 

In  carrying  out  the  experiments  presently  to  be  described,  it  was 
thought  advisable  that  a  material  of  the  greatest  attainable  uniformity 
should  be  used ;  and  for  this  purpose  Landore  "  S.  S."  steel  was 
employed  for  the  plates,  and  a  still  milder  quality  for  the  rivets.  It 
was  next  thought  important  that  a  careful  preliminary  investigation 
should  be  made  of  the  actual  properties  of  these  materials,  i.e. 
the  tenacity  and  extensibility  of  the  plates  and  rivet  steel  (Experiments 
Series  I.  to  III.),  and  the  resistance  of  the  latter  to  shearing  (Series 
IV.) :  the  effect  of  punching  and  drilling  upon  the  plates,  both  in 
narrow  and  broad  specimens,  was  also  investigated,  and  incidentally 
also  the  influence  of  annealing  upon  the  plates  (Series  V.  and  VA.). 
These  matters  being  determined,  experiments  upon  actual  joints 
were  made.  These  include  three  series,  Nos.  VI.,  VII.,  and  VIII. 
The  first,  Series  VI.,  consists  of  twelve  joints,  each  with  two  rivets, 
three  different  diameters  of  rivets  being  used,  and  with  each 
diameter  two  proportions  of  plate  and  rivet  area.  Series  VII. 
consisted  of  six  joints,  each  with  three  rivets,  of  the  same  diameter, 
but  differently  proportioned  as  to  pitch  &c.  The  results  obtained 
from  these  were  used  in  the  preparation  of  the  last  Series  VIII., 
consisting  of  eighteen  joints,  each  having  seven  rivets,  and  divided 
into  six  sets,  each  of  three  similarly  proportioned  joints.  All  the 
joints  in  these  three  series  were  single-riveted  lap-joints. 

Tenacity  of  Plates. — Tables  I.  to  VII.,  appended  to  this  paper, 
give  the  detailed  results  of  the  preliminary  experiments  above  referred 
to,  so  far  as  they  relate  to  the  tenacity  of  the  plates.  Tables  I.  and 
IV.,  both  arranged  on  the  same  plan,  give  the  results  of  the  usual 
tensile  tests  of  twenty-eight  pieces  of  plate,  varying  from  \  in.  to  \  in. 
in  thickness.  The  difference  between  the  specimens  of  Series  I.  and  II. 
(Tables  I.  and  IV.  respectively)  lies  only  in  the  method  of  holding 
them  while  being  tested,  Series  I.  being  pulled  from  pins,  Series  II. 

*  This  Keport,  as  revised,  is  included  in  the  present  No.  of  Proceedings,  p.  301. 
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being  held  in  wedge  grips.  It  may  be  said  here  at  once  that  the 
method  of  holding  does  not  seem,  within  the  limits  of  these  experiments, 
to  have  made  any  appreciable  difference  in  the  strength  of  the  pieces. 
All  these  specimens  had  a  length  for  testing  of  10  in.,  and  both 
£  in.  and  f-  in.  were  tested  in  different  breadths,  The  £  in.  plates, 
when  tested  If  in.  wide,  gave  an  average  tenacity  of  30  ■  35  tons  per 
square  inch,  and,  when  tested  4  in.  wide,  of  30  ■  07  tons  per  sq.  in. 
The  mean  tenacity*  of  the  whole  was  30-21  tons  per  sq.  in.,  with 
21*2  per  cent,  extension  in  10  in.  The  §  in.  plate  was  decidedly 
milder,  having  an  average  tenacity  of  28  ■  59  tons  per  sq.  in.,  and  an 
extension  of  24  •  8  per  cent,  in  10  in.  Tested  2  in.  wide,  its  average 
tenacity  was  28-58  tons  per  sq.  in.,  and,  tested  3^  in.  wide, 
28-59  tons  per  sq.  in.  It  appears  therefore  that  within  the  limits 
mentioned  no  difference  is  made  by  alterations  of  width,  so  that  the 
width  which  is  most  convenient  in  any  particular  case  may  be  used 
with  equal  certainty  of  trustworthy  results — a  fact  sometimes  worth 
remembering.  The  -\  in.  plate  was  tested  only  in  one  width,  2f  in., 
and  had  a  mean  tenacity  of  28 '96  tons  per  sq.  in.,  and  an  ultimate 
extension  of  24*8  per  cent,  in  10  in.  It  will  be  seen  therefore  that 
the  material  tested  was  a  very  uniform  quality  of  ductile  "ingot 
iron,"  the  thin  plates  being,  as  was  to  be  expected,  and  as  was  found 
throughout,  somewhat  the  hardest.  The  author  is  informed  that  the 
proportion  of  carbon  in  these  plates,  according  to  analysis  at  Landore,. 
was  about  0-18  per  cent. 

Tables  II.  and  V.,  which  correspond  to  each  other  for  Series  I. 
and  II.,  give  the  results  of  detailed  observations  as  to  the  elasticity 
of  the  material.  Each  specimen,  before  being  tested,  was  scribed 
across  at  £  in.  distances  through  its  whole  length.  After  fracture 
the  extension  was  measured,  first  on  the  whole  10  in.  in  the  ordinary 
way,  next  on  the  2i  in.  (or  quarter  length),  within  which  the  fracture 
had  actually  occurred,  and  lastly  (by  subtraction)  on  the  remaining 
1\  in.  In  Tables  II.  and  V.  all  these  measurements  are  given.  The 
extension  on  the  2^  in.  nearest  to  and  including  the  fracture  covers 
practically  all  of  what  is  usually  called  the  "  local  extension" ;  and 

*  These  averages  are  given  in  Table  VII. 
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therefore  the  oxtension  on  the  remaining  part  of  the  length  (7£  in.) 
may  he  taken  as  representing  the  real  ultimate  extension  of  the 
material,  or  the  extension  which  would  he  ohtained  in  a  test  bar  so 
long  that  the  small  additional  extension  close  to  the  fracture  did 
not  sensibly  affect  the  whole  stretch.  In  the  ^  in.  plate  (taking 
the  mean  of  both  series)  the  real  ultimate  extension  is  16*1  percent., 
and  in  the  softer  |  in.  plate  18  "5  per  cent.,  the  h  in.  plate  giving 
17*7  per  cent.  Somewhat  contrary  to  the  Author's  expectation, 
the  percentages  of  extension  in  the  7i  in.  are  distinctly  less  uniform 
than  those  in  the  whole  10  in.,  the  local  extension  appearing  more  or 
less  sensibly  to  affect  the  whole  of  that  length.  The  figures  in  the 
Tables  emphasise  very  strongly  the  well-known  necessity  for  specifying 
always  the  length  of  the  piece  on  which  a  given  percentage  of  ultimate 
elongation  has  taken  place.  The  extension  on  the  2j?  in.  is  in  one  case 
as  high  as  53  per  cent.,  (No.  271-1,  Table  II.)  and  the  mean  of  the 
§  in.  plates  of  Series  I.  is  48  ■  2  per  cent. ;  while  the  mean  extension 
on  10  in.  is  only  27  per  cent.,  and  on  the  7^  in.  19-8  per  cent. 

Elasticity. — Tables  III.  and  VI.  contain  the  results  (for  Series  I. 
and  II.  respectively)  of  very  detailed  observations  made  as  to  the 
elasticity  of  the  material  under  test.  A  simple  apparatus  was  attached 
to  the  specimen,  which  measured  the  extension,  permanent  or 
temporary,  between  points  10  in.  apart.  This  apparatus  *  neither 
formed  part  of,  nor  even  touched  in  any  way,  the  testing  machine  itself, 
so  that  its  indications  were  entirely  independent  of  any  strains  in  the 
machine,  or  in  any  part  of  the  test  piece  except  that  lying  between  the 
marked  points.  It  was  capable  of  indicating,  with  very  fair  certainty, 
ttjwd"  °f  an  incn-  By  the  use  of  this  apparatus,  and  the  subsequent 
plotting  out  of  the  observations  in  the  form  of  diagrams,  the  results 
given  in  the  Tables  were  obtained — results  which  appear  to  possess 
considerable  interest. 

By  sufficiently  careful  observations  it  is  possible  to  distinguish 
three  distinctly  marked  points  in    connection    with  what  might  be 

*  A  later  apparatus,  similar  in  piinciple,  is  illustrated  in  The  Engineer  of 
Feb.  25,  1881. 
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called  the  "  elastic  life  "  of  the  material.  The  first  of  these  is  the  point 
at  which  permanent  set  begins  to  be  visible.  This  occurred  always  at 
comparatively  low  loads,  far  below  the  point  usually  called  the  limit 
of  elasticity.  The  column  marked  I  gives  the  load  at  which 
permanent  set  actually  began,  so  far  as  was  visible  with  the  apparatus 
used.  From  this  it  went  on  increasing,  although  very  slowly,  as  the 
load  was  increased.  Fig.  1,  Plate  30,  shows,  in  illustration  of  this 
matter,  the  observations  on  a  10  in.  length  of  No.  272-2  (Table  III.), 
a  specimen  of  average  tenacity  and  elasticity,  in  which  set  began 
extremely  early.  Here  the  set  curve  distinctly  commences  at 
a  load  of  8*21  tons  per  sq.  in.  Out  of  twenty-four  specimens  for 
which  this  point  was  determined,  it  occurred  in  five  cases  at  less  than 
9  tons  per  sq.  in. ;  and  for  the  whole  of  the  £  and  -§  in.  plates  it 
averaged  just  40  per  cent,  of  the  breaking  load,  and  about  60  per 
cent,  of  the  load  usually  called  the  limit  of  elasticity. 

It  will  be  seen  from  the  magnified  curve  of  extensions  in 
Fig.  1,  Plate  30,  that  up  to  a  certain  point  the  observed  extensions 
lie  all  upon  one  straight  line  with  very  great  exactness :  after 
that  point  (which  in  the  diagram  is  reached  at  14-78  tons  per 
sq.  in.)  the  line  begins  to  curve  upwards.  This  fact  was  equally  distinct 
in  all  the  other  specimens.  This  second  jioint,  the  load  at  which  the 
extension  ceases  to  be  uniform,  is  noted  in  column  II.  of  Tables  III. 
and  VI.,  having  in  each  case  been  determined  by  plotting  the 
observations  on  a  diagram.  In  two  instances  (268-2  and  268-3)  this 
point  sensibly  coincides  with  the  point  at  which  permanent  set  first 
occurs;  in  all  the  others  it  is  very  much  above  it.*  The  average  set, 
or  permanent  extension,  on  removal  of  load,  at  the  point  when  uniform 
extension  ends,  is  about  T-oJrnr  ^n*  ^n  *ne  length  of  10  in. ;  it  varies 
from  Tcro-oT  *°  l 0Vo  o  ^n  *nose  cases  in  which  it  occurs.     There  was 

*  The  very  low  point  of  commencement  of  permanent  set  is  not  at  all  peculiar 
to  mild  steel,  but  is  probably  more  or  less  characteristic  of  all  ductile  materials. 
In  five  bars  of  a  very  fine  quality  of  wrought  iron,  recently  examined  by  the 
author,  the  extension  ceased  to  be  uniform  at  11 -2S  tons  per  sq.  in.  in  the 
average,  while  permanent  set  was  visible  at,  and  steadily  increased  from,  a 
load  of  7-28  tons  per  sq.  in.  in  the  average.  In  one  case  the  commencement 
of  set  occurred  distinctly  as  early  as  3*57  tons  per  sq.  in. 
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no  case  in  which  set  did  not  begin  either  at  or  before  the  point  at 
which  uniform  extension  ended.  The  average  total  extension  (in 
10  in.),  at  the  point  where  it  ceased  to  be  uniform,  was  0*0109  in., 
or  say  T-J-J-g-  of  an  inch.  The  average  permanent  extension  or  set  at  this 
point,  therefore,  was  about  ^  of  the  total  extension  at  the  same  point. 

Neither  of  the  two  points  mentioned — namely  the  points  where 
permanent  set  begins  and  where  uniform  extension  ends — can  be 
determined  without  such  special  and  tedious  measurements  of  small 
extensions  as  will  enable  such  curves  as  those  of  Fig.  1,  Plate  30, 
to  be  drawn  out.  Neither  therefore  can  be  noticed  in  ordinary  testing ; 
and  consequently  neither  of  them  is  the  point  commonly  fixed  as  the 
limit  of  elasticity.  If  the  limit  of  elasticity  be  the  point  at  which 
permanent  elongation  commences — as  it  is  usually  defined  to  be  in 
books — then  column  I.  of  the  Tables  represents  it.  If  it  be  the  point 
where  the  extension  ceases  to  be  proportional  to  the  stress,  (as,  for 
instance,  it  is  taken  in  Mr.  Kirkaldy's  valuable  experiments  on 
100-inch  bars)  then  it  is  given  in  column  II.  Attention  is  drawn  to 
this  matter,  not  to  find  fault  with  established  usage,  but  simply  to 
point  out  that  the  real  limit  of  elasticity  of  a  material  is  in  most  cases 
passed  considerably  before  the  only  point  which  can  be  observed  in 
ordinary  testing  is  reached.  What  is  called  commercially  the  limit 
of  elasticity  will  be  found  to  be  a  point  very  considerably  higher  than 
the  limit  which  corresponds  to  any  of  the  usual  scientific  definitions. 
It  would  doubtless  be  convenient  if  some  different  name  could  be 
found  for  one  or  the  other  point. 

The  load  corresponding  to  what  is  ordinarily  called  the  limit 
of  elasticity  is  given  in  column  III.  of  the  Tables.  As  this  is 
.  certainly  the  most  remarkable  point  in  the  life  of  the  material,  and 
as  the  phenomena  accompanying  it  do  not  appear  to  be  thoroughly 
known,  it  may  be  worth  while  describing  them  somewhat  minutely ; 
for  which  purpose  it  is  necessary  to  say  a  few  words  as  to  the 
apparatus  employed  for  making  the  tests.  The  testing  machine 
used   was   one    upon    Mr.    Kirkaldy's    principle,*    the    load    being 

*  Detailed  illustrations  of  the  machine  were  published  in  "  Engineering  "  for 
2Gth  Sept.,  1870. 
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applied  by  a  pump  and  ram,  and  the  stress  in  the  piece  balanced 
and   measured  by   a   moveable   weight  hanging  upon   a   steelyard. 
So    long    as   the   steelyard    is   floating   (or    its    end    free    between 
the  two  pins  which  limit  its  motion),  the  load  upon  it  (multiplied  by 
the  proper  factor  for  leverage)  is  exactly  equal  to  the  stress  in  the 
piece  under  test.     During  the  early  part  of  the  test  the  steelyard  is 
kept   thus    always    floating,    the    increased    load    applied    by   the 
continued  pumping  being   continuously  balanced  by  the  movement 
of  the  weight  outwards  upon  the    steelyard.     This  floating  of  the 
steelyard  continues  until  long  after  the  loads    in  column  II.  are 
passed,  and  then  it  suddenly  ceases,  and  without  any  change  in  the 
rate  of  increase  of  load,  often  without  the  least  visible  warning,  the 
steelyard  drops  down  and  rests  upon  the  pin  below  it.     Up  to  this 
point  the  material   has  been  able  to  balance  each  increase  of  load 
directly  it  was  applied,  with  only  such  increase   of  length  (always 
very   small)  as  the    load    itself  at   once    caused.      At    this    point 
however  some  structural  change  appears  to  occur,  a  change  which 
is  perhaps  best  described  by  the  phrase   "  breaking  down."     What 
happens,  at  least  so  far  as  extension  is  concerned,  is  shown  distinctly 
by  the  actual  curve  of  extensions  at  the  right-hand  side  in  Fig.  1, 
Plate  30.     The  first  part   of  the  length  of  this  line  would  be  simply 
a  repetition  to  actual  scale   of  the  magnified  extension  line  above  it, 
and  is  too  close  to  the  base  line  to  be  shown.      At  the  point  where 
permanent  set  appears  to  begin  (8  •  21  tons  per  sq.  in.),  the  total  extension 
was  6  •  6  thousandths  of  an  inch.    It  increased  uniformly  till  the  stress 
was  14 '78  tons  per  sq.  in.,  and  was  then  12-2  thousandths,  of  which  1*2 
thousandths  was  permanent  set.  The  extension  then  ceased  to  be  uniform, 
and  had  increased  somewhat  rapidly  to  S3  thousandths,  when,  at  18  *23 
tons  per  sq.  in.,  the  resistance  of  the  piece  suddenly  seemed  to  collapse 
or  break  down,  and  the  steelyard  dropped  in  the  way  described.     So 
far  as  appearances  went,  the  piece  might  have  continued  to  balance 
say  18*0  tons  per  sq.  in.,  or  even  more,  for  an  unlimited  time,  with 
the  corresponding  extension  of  about  30  thousandths.     But  when  once 
the   breakdown   occurred,  the   material   not   only  would  no  longer 
balance  18-23  tons,  but  could   not   even   balance   a  much    smaller 
load.     In  such  a  case  it  will  be  found  on  trial  (by  reducing  the  load 
gradually  and   finding  the  point  where  the  steelyard  naturally  lifts 
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again  of  itself)  that  with  the  full  extension  the  piece  will  only 
balance  about  80  per  cent,  of  the  load  that  has  been  already  upon 
it,  or  in  this  case  about  15  tons  per  sq.  in.  On  leaving  the  weight  in 
the  position  corresponding  to  18  "23  tons  per  sq.  in.,  the  position  in 
which  it  was  when  the  steelyard  dropped,  and  continuing  to  pump,  it 
was  found  that  the  extension  had  increased  to  nearly  200  thousandths, 
or  0  •  2  in.,  before  the  steelyard  lifted  again,  i.e.  before  the  material 
was  able  for  the  first  time  really  to  balance  the  stress  of  18-23  tons 
per  sq.  in.  This  sudden  increase  of  extension  without  increase  of 
load  is  shown  by  the  vertical  part  of  the  actual  extension  curve  in 
Fig.  1,  Plate  30.  After  this  point  the  extension  continues  to  increase 
faster  than  the  stress,  and  the  curve  assumes  the  well-known 
appearance  shown.  During  nearly  all  this  final  extension  the 
steelyard  can  often  again  be  kept  floating,  if  proper  care  be  taken. 

Taking  averages  from  the  observations,  it  may  be  said  (in  round 
numbers)  that,  if  the  extension  of  the  piece  where  uniform  extension 
ended  be  called  1,  the  extension  at  the  point  where  the  material 
broke  down  would  be  4,  and  would  have  to  increase  to  17  under  the 
same  load  before  the  piece  could  take  any  higher  load. 

If  the  limit  of  elasticity  be  taken  as  the  point  at  which  permanent 
extension  begins,  it  will  (for  this  material)  be  at  only  38  per  cent,  of 
the  breaking  load.  If  it  be  taken  as  the  latest  point  where  strain  and 
stress  seem  to  be  proportionate,  it  will  be  at  about  47  per  cent,  of  the 
breaking  load.  If  lastly  it  be  taken  (as  it  practically  is  always  for 
commercial  purposes)  as  the  point  where  the  material  "  breaks  down," 
— the  point  given  in  column  III.  of  the  Tables, — it  is  not  reached 
until  at  68  per  cent,  of  the  breaking  load.  The  average  in  each  case  is 
taken  on  the  24  (out  of  28)  specimens  on  which  complete  measurements 
Were  made.  The  figures  in  brackets,  put  in  the  Tables  for  comparison, 
are  not  included  in  the  computation  of  averages. 

In  any  further  reference  to  limit  of  elasticity  in  this  paper,  it  is 
the  point  where  the  material  breaks  down  that  will  be  referred  to, 
unless  a  special  statement  is  made  to  the  contrary. 

Tables  III.  and  VI.  further  give  some  of  the  most  important 
ratios  in  detail ;  and  in  the  last  column  give  the  modulus  of  elasticity 
of   the    material,  where   it   was   determined.     The   figures    in    the 
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column  headed  Ae  are  however,  the  author  believes,  practically  more 
convenient  than  the  modulus  of  elasticity.  Here  Ae  may  be  called 
the  specific  extension  of  the  material.  It  is  the  actual  average 
extension  of  the  specimen  in  a  length  of  10  in.,  measured  in 
thousandths  of  an  inch,  for  a  stress  of  1000  lbs.  per  sq.  in.  To 
obtain  the  actual  extension  of  any  piece  of  the  same  material  under 
any  load,  it  is  only  necessary  to  multiply  the  specific  extension 
(which  as  a  small  figure  is  easily  remembered)  by  the  load  in 
thousands  of  pounds  per  sq.  in.,  and  by  the  length  in  inches,  and  to 
divide  by  10.  The  quantity  itself  has  been  obtained  by  calculating 
the  mean  in  each  case  of  (generally)  two  or  more  series  of  observations 
of  the  extensions,  up  to  some  point  as  closely  as  possible  approaching 
that  given  in  column  II.  In  most  cases  the  average  of  the  first 
series  of  observations  made  on  a  piece  has  not  been  taken  into 
account,  as  those  first  observations  frequently  showed  small 
discrepancies,  due  very  probably  to  some  initial  strain  in  the  bar  or 
plate,  which  is  removed  by  the  first  stretch. 

The  values  of  the  modulus  of  elasticity  E  are  obtained  from 
those  of  the  specific  extension,  the  latter  of  course  being  the 
only  quantity  directly  resulting  from  observation.  Arithmetically 
it  can  easily  be  seen  that  E  is  equal  to  10,000,000  divided  by  the 
specific  extension.  The  mean  values  given  for  E  are  the  values 
corresponding  to  the  mean  specific  extensions,  and  are  therefore 
slightly  different  from  the  arithmetical  mean  of  the  figures  given 
in  the  columns  for  E. 

A  summary  of  the  principal  results  of  the  first  six  Tables  is  given 
in  Table  VII.,  which  does  not  require  further  mention. 

Tenacity  of  Rivet  Steel. — The  results  of  the  experiments  on  the 
tenacity  of  the  rivet  steel  (Series  III.)  are  given  in  Tables  VIII.  IX. 
and  X.,  which  are  arranged  precisely  as  those  already  examined.  Three 
sizes  of  steel  were  tested,  viz.  -j-J-  in.,  \^  in.,  and  1-jL  in.  diam.,  turned 
down  to  about  0-5  in.,  0  •  6  and  0  •  8  in.  respectively,  and  screwed  at  the 
ends.  The  three  sizes  give  somewhat  varying  results,  but  the  average 
of  the  nine  specimens  tested  comes  extremely  near  the  average  results 
obtained  from  the  plates.     The  elastic  limit  was  reached  at  20-65 

x 
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tons  per  sq.  in.  (in  mean),  or  71  per  cent,  of  the  mean  breaking  load, 
which  was  29*12  tons  per  sq.  in.  The  mean  ultimate  extension  was 
21*4  per  cent,  in  10  in. 

From  column  I.  of  Table  X.  it  will  be  seen  that  no  permanent  set 
could  be  detected  below  15  •  G  tons  per  sq.  in.,  in  mean, — a  very  much 
higher  average  than  with  the  plates.  The  limit  of  elasticity  is  also 
somewhat  higher  than  before.  The  specific  extension  was  very 
uniform,  its  mean  value  in  thousandths  of  an  inch  being  0*326, 
which  gives  a  mean  value  for  the  modulus  of  elasticity  of  30,070,000 
lhs.  per  sq.  in. 

Shearing  Strength  of  Bivet  Steel. — Table  XI.  gives  the  results  of 
sixteen  experiments  on  the  shearing  resistance  of  the  rivet  steel,  of 
which  the  last  Table  gave  the  tenacity  and  other  properties.  All  three 
sizes  of  bar  were  tested.  The  apparatus  used  in  these  experiments  is 
shown  in  Figs.  2  and  3,  Plate  30.  The  specimen  S,  after  being 
turned,  was  fitted  into  a  pair  of  rings  E,  R,  made  from  pieces  cut  off  the 
ends  of  the  §  in.  specimens  of  Series  II.  ;  the  edges  of  these  rings 
being  just  touched  with  a  file  previously,  to  make  sure  of  there  being 
no  burr,  or  absolutely  sharp  cutting  edge.  These  rings  were  bedded 
in  cast-iron  blocks  B  B,  enclosed  in  a  bored  chamber  C,  and  pressed 
together  between  steel  die  faces  in  the  testing  machine.  So  far  as  the 
shearing  edges  were  concerned,  the  piece  under  test  was  in  this  way 
brought  as  nearly  as  possible  into  the  condition  of  the  rivets,  in 
the  joints  to  be  afterwards  experimented  on.  Several  specimens, 
including  two  which  were  removed  for  inspection  before  fracture 
actually  occurred,  lie  on  the  table. 

The  load  at  which  the  specimens  actually  shore  across  varied 
very  considerably  in  the  different  sizes.  The  ly1^-  in.  bar  gave  a  mean 
resistance  of  24*35  tons  per  sq.  in.,  or  88*7  per  cent,  of  its  tensile 
resistance ;  for  the  -[£  in.  bar  these  figures  were  26  ■  63  tons  and  86-7 
per  cent.,  and  for  the  }-J  in.  bar  23*41  tons  and  80*3  per  cent, 
respectively.  The  mean  of  these  quantities  is  24*8  tons  per  sq.  in., 
and  85*2  per  cent.  In  some  instances  a  point  could  be  observed 
corresponding  to  the  breakdown  of  the  material  in  the  tensile 
experiments ;  but  it  was  not  very  distinct  or  very  uniform. 
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Punching  and  Drilling. — The  results  of  the  experiments  in  series 
V.  and  VA.  are  given  in  Tahles  XII.  to  XV.  These  experiments  [see 
First  Report,  p.  363)  had  a  three-fold  ohject;  (1)  to  examine  the  effect 
of  drilling  and  punching  holes  in  the  material,  (2)  to  find  out  how  far 
such  results  were  affected  by  the  width  of  the  specimen,  and  (3)  to  see 
if  the  strength  of  the  punched  holes  was  affected  by  the  size  of  the 
die  as  compared  with  the  punch.  The  second  point  is  of  special 
importance  in  enabling  conclusions  to  be  drawn,  as  to  how  far  the 
results  obtained  from  experiments  on  narrow  joints  may  be  safely 
applied  to  the  broad  joints  of  actual  practice.  Each  series  consisted 
of  thirty-two  specimens,  sixteen  of  ^  in.  and  sixteen  of  §  in.  plate. 
Of  each  sixteen,  eight  had  drilled  and  eight  punched  holes,  half  the 
latter  being  punched  with  a  large  and  half  with  a  small  bolster 
The  holes  were  all  nominally  1  in.  diam.  and  2  in.  pitch ;  and  the 
specimens  were  arranged  in  sets  of  four,  one  of  one,  one  of  two,  one 
of  three,  and  one  of  four  pitches  in  width,  as  suggested  in  the  First 
Report,  p.  363,  and  as  shown  in  Plate  36,  Fig.  17.  None  of  the 
plates  were  annealed,  but  all  drilled  or  punched  by  Mr.  Boyd  exactly 
as  received.  The  natural  tenacity  of  the  plates  of  series  V.  was 
determined  by  cutting  eight  specimens  from  them  and  testing  them  in 
the  usual  way,  the  results  being  given  in  Table  XIII.  The  ^  in. 
plate  had  a  mean  tenacity  of  34*41,  and  the  §  in.  plate  of  31*45  tons 
per  sq.  in.,  both  being  therefore  somewhat  harder  than  the  specimens 
previously  tested. 

The  result  of  making  a  hole  in  a  specimen  is  to  localise  the 
extension  altogether  to  the  immediate  neighbourhood  of  the  hole ; 
and  this  virtual  shortening  of  the  length  of  the  specimen  is 
accompanied,  in  a  ductile  material,  by  a  very  considerable 
increase  in  its  tenacity — that  is  in  the  tenacity  of  the  remaining 
part  of  the  material — unless  the  mode  of  formation  of  the  hole  has 
been  such  as  to  injure  the  material  in  any  way.  This  is  shown  very 
distinctly  in  the  experiments.  The  £  in.  drilled  plates,  Table  XII., 
have  10-7  per  cent,  and  the  |  in.  11*9  per  cent.,  greater  tenacity  than 
the  untouched  plate.  In  the  I  in.  punched  plate,  in  spite  of  the  injury 
done  by  punching,  there  is  still  1  ■  2  per  cent,  greater  tenacity  than  in 
the  untouched  plate.     In  the  §  in.  plate,  perhaps  on  account  of  its 
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greater  mildness,  the  punched  plates  have  an  excess  of  strength  of 
as  much  as  8*4  per  cent. 

All  the  plates  of  series  V.  heing  somewhat  harder  than  it  had  been 
intended  to  use,  the  experiments  of  series  YA  were  undertaken  with 
plates  of  the  original  quality.  This  series  also  contained  thirty-two 
specimens,  arranged  in  Tables  XIV.  and  XV.  in  precisely  the  same 
way  as  the  former.  The  natural  tenacity  of  the  plate,  as  given  in 
Table  XV.,  is  29*0  tons  per  sq.  in.  for  the  ^  in.,  and  28*87  tons  per 
sq.  iu.  for  the  |  in.  plate.  The  effect  of  drilling,  Table  XIV.,  is 
practically  the  same  as  before;  it  gives  11  "2  per  cent,  increase  of 
resistance  in  the  £  in.,  and  10*8  per  cent,  in  the  §  in.  plate.  The  f  in. 
punched  plates  have  in  mean  5  ■  8  per  cent,  of  increase,  and  the  J.  in. 
punched  plates  6 '4  per  cent. 

It  should  be  stated  that  in  the  case  of  the  punched  plates  the 
diameter  of  the  holes  was  measured  on  both  sides  of  the  plate,  and 
the  mean  of  the  two  diameters  taken  in  calculating  the  amount  of 
metal  removed. 

In  two  other  matters  these  experiments  give  interesting  results. 
First,  the  very  considerable  difference  in  diameter  of  bolster 
(amounting  to  -x\r  in.  in  each  case)  has  no  definite  effect  in  such  thin 
plates  as  these,  either  one  way  or  the  other.  In  some  cases  the  large 
and  in  some  the  small  bolster  gives  apparently  the  better  result ;  but 
the  differences  are  so  small  as  to  be  quite  within  the  differences 
between  individual  plates,  and  only  show  that  the  effect  of  altering 
the  bolster  is  excessively  small. 

In  another  matter  the  results  have  a  still  more  practical  interest, 
in  view  of  past  and  future  experiments.  The  specimens,  as  has  been 
pointed  out,  varied  in  width  from  2  in.  to  8  in. ;  quite  room  enough 
for  the  effect  of  width — if  there  were  any — to  show  itself.  An 
examination  of  the  results  shows  however  that  there  is  practically 
no  difference  worth  mentioning  between  the  narrow  and  the  broad 
specimens.  Comparing,  for  instance,  the  mean  of  all  the  sixteen 
2  in.  specimens  with  the  mean  of  all  the  sixteen  6  in.  specimens,  it 
will  be  found  that  the  former  have  0  ■  6  per  cent,  greater  resistance. 
Comparing  similarly  the  sixteen  2  in.  with  the  sixteen  8  in. 
specimens,  the  difference  is  only  0-75  per  cent.      Such  differences 
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are  of  course  far  within  the  differences  between  single  plates. 
This  very  satisfactory  identity  of  strength  of  the  small  and  large 
specimens  may  arise  in  part  from  the  way  in  which  they  were  made  ; 
namely  that  the  whole  row  of  drilled  or  punched  holes  was  first 
carried  right  across  the  plate,  Fig.  17,  Plate  36,  and  then  afterwards  the 
separate  specimens  were  cut  out  of  it.  Thus  the  holes  near  the  edges 
of  the  specimen  were  not,  when  they  were  made,  near  the  edges  of 
the  plate,  and  any  possible  alteration  of  strength  due  to  this  cause  was 
obviated.  Considering  how  much  more  convenient  it  often  is  to 
experiment  with  small  than  with  large  specimens,  it  is  satisfactory 
to  know  that  (within  certain  limits  at  least),  identical  results  can  be 
obtained  from  both. 

The  real  cause  of  the  very  marked  increase  of  strength  due  to 
the  drilling  of  holes  in  a  ductile  material  has  not  as  yet,  the 
author  believes,  been  pointed  out.  It  is  not  however  difficult  to 
understand,  when  the  actual  fracture  of  the  material  is  examined. 
The  increase  of  strength  due  to  the  localisation  of  fracture  at  a 
section  of  the  material  not  probably  the  weakest  can  go  for  very  little 
indeed  with  a  material  so  uniform  as  that  here  examined,  and  the 
cause  must  be  sought  elsewhere.  In  Figs.  4  to  7,  Plate  31,  are  shown 
the  forms  taken  by  lines  scribed  originally  parallel  to  each  other  on 
the  specimens,  at  right  angles  to  the  direction  of  the  pull.  In  Figs.  4 
and  5,  which  show  the  fracture  of  two  of  the  specimens  tested  for 
tenacity,  will  be  noticed  the  familiar  local  contraction  of  breadth.  The 
"  flow  "  of  the  material  is  always  such  that  the  originally  parallel 
scribed  lines  become  concave  towards  the  fracture,  the  curvature 
becoming  greater  and  greater  as  the  lines  lie  nearer  and  nearer  the 
fracture.  The  inevitable  consequence  is  that,  before  the  material  breaks, 
the  stress  in  it  is  not  uniform  (as  it  is  commonly  assumed  to  be),  but  is 
much  greater  at  the  centre  than  at  the  sides.  When  the  two  fractured 
halves  are  brought  together  afterwards,  they  touch  at  the  sides  and  are 
quite  wide  apart  in  the  middle ;  as  can  be  seen  from  Figs.  4  and  5. 
But  in  the  specimens  with  holes  in  them,  the  flow  is  in  some 
points  exactly  reversed.  The  greatest  extension  occurs  of  course 
along  the  centre  lines  of  the  holes;  between  the  holes  therefore 
the  cross  lines  become  convex  to  the  fracture,  and  the  curvature 
of    the    lines     diminishes    instead     of     increasing   as      the    actual 


218  EXPERIMENTS    ON    RIVETED    JOINTS.  AriUL  1881. 

fractured  section  is  readied.  From  the  straightness  of  the  cross 
lines  close  to  the  fracture,  in  Fig.  G,  it  will  be  seen  that  the 
stress  must  have  been  as  nearly  as  possible  uniformly  distributed 
over  the  metal  between  the  holes.  There  can  be  little  or  no 
doubt  that  this  is  the  real  cause  of  the  difference  between  the 
perforated  and  unperforated  plates.  The  natural  flow  of  a  ductile 
material  is  such  that  the  stress  over  the  fractured  section  of 
a  uniform  bar  becomes  inevitably  unequal  in  intensity.  By 
changing  the  form  of  the  fractured  section  in  a  particular  way, 
the  flow  can  be  so  altered  that  the  stress  over  the  whole  fractured 
section  becomes  (very  nearly)  uniform  in  intensity.  The  material 
may  be  supposed  to  stand  the  same  maximum  intensity  of  stress 
in  any  case.  But  only  the  average  intensity  can  be  actually 
known  from  the  experiment,  and  in  the  former  case  the  average 
stress  is  much  less  than  the  maximum,  while  in  the  latter  it  is 
equal  to  the  maximum.  In  the  latter  case,  therefore,  it  is  to  be 
expected  that  higher  loads  should  be  carried,  as  experiment  amply 
proves  to  be  the  case. 

If  this  explanation  of  the  matter  be  the  correct  one,  a  plate  having 
simply  a  hole  bored  through  it,  and  not  symmetrically  recessed 
at  the  sides,  ought  not  to  show  nearly  so  much  increase  of  strength. 
Fig.  7,  Plate  31,  shows  the  curves  actually  traced  from  such  a  piece. 
It  did  not  show  excess  tensile  resistance,  and  it  does  show  «n-uniforni 
stress,  so  far  confirming  the  explanation.  In  the  riveted  joints  of 
Series  VI.  VII.  and  VIII. ,  the  want  of  the  recesses  at  the  sides  was, 
on  the  whole,  made  up  for  by  the  number  of  holes  and  the 
narrowness  of  the  side  metal.  But  it  will  be  noticed  that,  whether 
owing  to  the  greater  number  of  holes  or  not,  Series  VIII.  gives  a 
greater  excess  tensile  resistance  than  any  of  the  other  joints. 

In  order  to  find  how  far  the  softness  of  the  plates  of  Series  VA 
could  be  altered  by  annealing,  six  specimens  cut  from  the  ^  in.  plate 
and  five  from  the  fin.  plate,  of  the  same  size  as  those  given  in 
Table  XV.,  were  carefully  annealed  after  machining.  The  result  was 
to  show  a  diminution  of  tenacity  of  3  •  3  per  cent,  in  the  one  case  and 
3  •  6  per  cent,  in  the  other.  The  ultimate  extension  was  also  diminished 
by  just  2  per  cent,  in  each  case.  Practically  therefore  annealing 
may  be  said  to  have  made  scarcely  any  difference  in  the  plates. 
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Riveted  Joints. — Tension,  Shear,  and  Bearing  Pressure. — The  first 
experiments  made  on  actual  riveted  joints  were  those  of  Series  VI., 
of  which  the  results  are  given  in  Tables  XVI.,  XVII.,  and  XVIII. 
Series  VI.  (see  First  Eeport,  p.  366)  consisted  of  twelve  joints  with 
two  rivets  each,  proportioned  in  pairs  to  break  by  tearing  and  shearin 
respectively ;  and  all  in  §  in.  plate.  Four  specimens  were  made 
with  i  in.,  four  with  f  in.,  and  four  with  1  in.  rivets ;  and  two  out  of 
each  four  with  narrow,  and  two  with  wide  pitch.  The  proportions 
of  these  joints  were  not  intended  to  be  those  of  practice,  but  such  as 
should  give  to  some  extent  limiting  values  for  the  resistances  of  the 
plate  to  tearing,  and  of  the  rivets  to  shearing  and  to  pressure.  The 
specimens  were  already  riveted  when  received  by  the  Author,  so  that 
he  could  only  measure  breadth,  thickness,  and  lap  directly.  In 
making  the  calculations  he  had  to  assume  that  the  rivets  filled  their 
holes,  the  diameters  of  which  were  given  him  by  Mr.  Boyd.  The 
fractures  appear  to  indicate  that  this  was  a  quite  justifiable 
assumption.  The  nominal  and  actual  dimensions  of  the  joints  are 
given  in  Table  XVI.,  which  gives  also  the  ratio  of  the  shearing  and 
of  the  bearing  to  the  tearing  areas.  The  tenacity  of  the  plate  was 
determined  to  be  29  ■  97  tons  per  sq.  in.,  by  the  experiments  given 
in  Table  XVIII.  on  five  strips  cut  from  the  same  plates.  (Three 
similar  pieces  annealed  before  testing  gave  a  mean  resistance  of  about 
4*4  per  cent,  less,  with  about  the  same  extension.) 

The  actual  results  of  the  tests  are  given  in  Table  XVII.  It  will 
be  seen  that  the  ^  in.  joints  all  broke  by  tearing  and  the  1  in.  joints 
by  shearing ;  the  3  in.  joints  breaking  as  they  were  intended  to  do. 
In  the  case  of  Nos.  377-380  (^in.  rivets)  the  joints  always  tore 
when  the  full  tensile  resistance  of  the  metal  was  reached.  The  first 
pair  had  then  only  the  very  small  shearing  stress  of  17  tons  per  sq.  in., 
and  the  low  bearing  pressure  of  19  tons  per  sq.  in.  Both  shear  and 
bearing  pressure  were  higher  in  the  second  pair ;  but  the  latter  was 
still  very  moderate,  and  the  full  shearing  resistance  was  not  reached. 
These  are  the  only  cases  in  which  joints  broken  by  tearing  do  not 
show  the  gain  of  strength  in  the  plate  which  has  been  already 
examined.  The  author  attributes  this  to  the  very  small  dimensions 
of  the  specimens.     The  whole  solid  breadth  of  the  plate  was  only 
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0*69  in.  in  the  one  pair,  and  0*94  in.  in  the  other,  and  this  in  each 
case  divided  into  three  parts  by  two  holes.  Any  error  in  the  assumed 
size  of  the  drilled  holes,  or  any  small  inequality  in  the  riveting, 
would  of  course  have  an  excessive  effect  on  such  a  very  small  amount 
of  metal. 

Nos.  381  and  382  (£in.  rivets)  broke  by  tearing  when  the  stress 
reached  34*40  tons  per  sq.  in.;  or  11*5  per  cent,  in  excess  of  the 
strength  of  the  untouched  plate,  exactly  as  was  found  in  Series  V. 
and  VA.  The  shearing  stress  was  small  (19*5  tons  per  sq.  in.),  and 
the  bearing  pressure  still  not  excessive  (31  •  6  tons).  The  rivet  area 
was  here  1*76  times,  and  the  bearing  area  1*09  times  the  net 
section  of  plate. 

In  the  corresponding  pair,  Nos.  383  and  384,  the  joint  gave  way 
by  shearing  at  a  stress  equal  nearly  to  the  mean  shearing  resistance 
of  the  material,  24 -3  tons  per  sq.  in.  The  tensile  stress  was  moderate 
(25*83  tons  per  sq.  in.),  but  the  bearing  pressure  was  very  great, 
39  *  64  tons  per  sq.  in.  It  is  remarkable  that  these  joints,  which 
sustained  the  maximum  bearing  pressure,  also  sustained  the  maximum 
shearing  stress  before  they  gave  way. 

In  the  last  four  specimens  the  rivets  sheared  at  an  exceptionally  low 
stress.  In  Nos.  385  and  386  a  tensile  resistance  equal  to  that  of  the 
untouched  plate  was  reached  without  the  plate  tearing.  The  joint  gave 
way  finally  by  the  shearing  of  the  rivets  at  only  16  *  63  tons  per  sq.  in., 
the  bearing  pressure  being  35  tons  per  sq.  in.  In  Nos.  387  and  388, 
proportioned  to  give  way  by  shearing,  the  bearing  pressure  was 
36*18  tons  per  sq.  in.,  and  the  rivets  sheared  at  17*29  tons 
per  sq.  in.,  with  a  tensile  stress  barely  up  to  the  limit  of  elasticity. 

In  387-8  it  was  clear  that  the  joint  must  give  way  by  shearing, 
for  the  full  shearing  resistance  of  the  metal  must  have  been  reached 
long  before  the  full  tensile  resistance  ;  but  this  does  not  account  for 
the  very  low  shearing  resistance.  In  385-6  there  is  still  more 
difficulty  in  accounting  for  it,  for  there  tne  full  tensile  resistance 
obtained  in  381-2  would  have  been  reached  with  a  shearing  stress  of 
only  19*4  tons  per  sq.  in.,  and  it  might  reasonably  have  been 
expected  that  the  joints  would  break  exactly  as  381-2.  Negatively 
one  or  two  points  are  clear.     A  high  tensile  stress  is  not  the  cause  of 


/ 


April  1881.  experiments  on  uiveted  joints.  221 

tho  low  shear,  for  in  387-8  the  tension  is  not  fairly  past  the  limit 
of  elasticity.  The  high  bearing  pressure  also,  although  it  may  have 
determined  the  joint  to  give  by  shearing,  can  hardly  be  supposed  to 
have  so  greatly  reduced  the  shearing  resistance ;  for  a  still  higher 
pressure  in  383-4  proved  not  incompatible  with  a  much  higher 
shearing  resistance.  From  measurements  made  after  fracture  there 
is  every  appearance  of  the  1  in.  rivets  having  filled  their  holes  as 
well  as  the  j  in.  It  is  quite  possible  that  the  steel  used  for  the 
larger  rivets  had  a  smaller  shearing  resistance  than  that  used  for  the 
small  ones,  but  it  is  unfortunately  not  possible  to  verify  any  such 
conjecture.  Table  XI.  however  shows  that  very  great  differences 
may  exist  ir  the  shearing  resistances  of  different  bars.  It  seems 
probable  that  one  general  conclusion  as  to  bearing  pressure  may  be 
drawn  from  this  series  of  experiments,  and  so  far  as  it  goes  this 
conclusion  is  corroborated  by  all  the  later  experiments.  A  bearing 
pressure  of  from  36  to  40  tons  per  sq.  in.  seems  to  be  sufficient  to 
coripel  a  joint  to  give  way  by  shearing,  even  in  some  cases  at  a  very 
]j\v  shearing  resistance.  No  case  has  occurred  where  the  joint  has  torn, 
and  where  at  the  same  time  the  pressure  exceeded  35  tons  per  sq.  in., 
although  in  some  cases  shearing  has  only  occurred  when  the  pressure 
reached  nearly  40  tons  per  sq.  in.  Further  experiments  would 
however  be  necessary  really  to  settle  this  point.  In  any  case  the 
conditions  would  of  course  be  altered  with  other  than  single- 
riveted  lap  joints. 

The  last  three  columns  of  Table  XVII.  show  the  proportionate 
strength  of  the  joints.  The  first  four  are  weak,  as  might  be 
expected.  Nos.  381  and  382  give  the  best  results,  the  joint  having 
55  per  cent,  of  the  strength  of  the  solid  plate ;  and  Nos.  383  and  384 
are  nearly  as  good.  It  is  very  satisfactory  to  note  that  three  seven- 
rivet  joints  in  Series  VIII.  (Nos.  053,  1  to  3)  proportioned  very 
similarly  to  381-2,  gave  almost  identical  results.  Of  the  joints  with 
1  in.  rivets,  the  first  pair  has  a  strength  of  53  •  5  per  cent.,  while  the 
other  has  less  than  42  per  cent,  of  the  strength  of  the  solid  plate. 

It  was  attempted  to  observe  the  behaviour  of  these  joints  under 
test,  by  scribing  a  line  across  the  planed  edges  of  the  two  plates 
before  pulling  them,  and  observing  the  load  at  which  the  two  halves 
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of  this  lino  separated,  i.e.  the  point  at  which  the  joint  hegan  to  slip. 
The  results  ohtained  in  this  fashion  cannot  be  considered  more  than 
approximations,  but  may  have  some  interest.  In  the  first  four  joints 
(h  in.  rivets),  slip  began  to  bo  visible  when  the  tensile  stress  in 
the  metal  reached  8^  tons  per  sq.  in.,  and  in  the  last  four 
(1  in.  rivets)  at  exactly  the  same  stress.  The  joints  with  f  in. 
rivets  stood  a  pull  of  13i  tons  per  sq.  in.  before  any  slip 
was  visible.  In  all  cases  some  perceptible  bending  of  the  joint, 
endeavouring  to  get  itself  into  the  line  of  pull,  began  very  early. 
An  attempt  was  also  made  to  determine  the  load  at  which  the 
edges  of  the  joint  had  opened  sufficiently,  in  bending,  to  allow  a  slip 
of  paper  to  be  pushed  in.  The  results  were  not  perhaps  so  irregular 
as  might  have  been  expected.  So  far  as  they  go,  they  show  that 
distinct  opening  occurs  at  very  low  stresses  in  many  cases,  and  at 
lower  stresses  in  the  large  than  in  the  small  joints.  The  four  small 
joints,  with  ^  in.  rivets,  each  opened  when  the  pull  was  about  13  tons 
per  sq.  in. ;  Nos.  381,  382.  when  the  stress  was  8-8  tons;  Nos.  383, 
384,  at  5-5  tons;  Nos.  385,  386  at  6-4  tons;  and  Nos.  387,  388  at 
only  3  •  3  tons  per  sq.  in.  The  figures  show  very  distinctly  the  way 
in  which  the  tightness  of  a  joint  is  affected  by  the  pitch  of  the  rivets. 

Riveted  Joints. — Margin  and  Pitch. — The  results  of  the  experiments 
in  Series  VII.  will  be  found  in  Tables  XIX.  to  XXI.  This  series 
consisted  of  six  joints  only,  of  different  proportions.  All  had 
three  fin.  rivets:  the  first  three  (431-433)  had  the  same  pitch 
but  varying  "  margin "  (or  distance  from  edge  of  holes  to  edge 
of  plate);  and  the  last  three  (434-436)  had  the  same  margin 
but  different  pitches.  The  dimensions  of  the  whole  are  given  in 
Table  XIX.,  to  which  the  same  remarks  apply  as  were  before  made  on 
Table  XVI.  The  tenacity  of  the  plates  was  determined  by  the  tests 
of  four  strips  cut  from  them,  as  given  in  Table  XXI.  It  was  almost 
precisely  the  same  as  in  Series  VI.,  viz.,  29'9  tons  per  sq.  in.  Two 
strips  of  the  same  plate,  annealed  previous  to  testing,  showed  a 
tenacity  of  2  •  7  per  cent,  less,  with  about  the  same  extension. 

All  the  joints  broke  by  shearing  the  rivets.  In  the  first  three  a 
mean  tensile  stress  as  high  as  34*09  tons  per  sq.  in.  was  reached 
without  tearing,  or  11*4  per  cent,  more  than  the  breaking  load  of  the 
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untouched  plate,  although  the  plate  was  not  fractured.  The  bearing 
pressure  was  35*83  tons  per  sq.  in.,  and  fracture  occurred  by 
shearing  at  22  tons  per  sq.  in.,  in  spite  of  the  high  tensile  stress. 
All  three  joints  had  the  same  shearing  area,  and  all  broke 
practically  at  the  same  total  load,  i.e.  with  the  same  intensity  of 
shearing  stress.  The  small  differences  of  tensile  stress  and  bearing 
pressure  appear  to  be  only  what  is  due  to  the  fact  that  the  plates 
were  not  of  uniform  thickness,  and  that  in  consequence  of  this  No.  431 
had  the  smallest  and  No.  433  the  largest  tearing  and  bearing  areas. 
It  will  be  seen  from  the  last  column  of  the  Table  that  with  No.  431 
a  strength  equal  to  59  •  7  per  cent,  of  that  of  the  solid  plate  was 
obtained,  an  exceptionally  good  result  for  a  single-riveted  lap-joint. 
The  small  diminution  apparent  in  this  respect  in  Nos.  432  and  433 
is  due  to  the  cause  just  explained.  The  plates  were  thicker,  and  are 
therefore  credited  with  a  greater  strength  ;  but,  as  the  joints  all  gave 
way  by  shearing,  the  actual  strength  of  the  plate  never  came  into 
account,  and  did  not  affect  the  breaking  load.  It  does  not  appear 
that  any  effect  can  be  traced  to  the  change  of  margin  from  1  in. 
down  to  f  in. 

In  the  three  other  specimens  of  Series  VII.,  Nos.  434  to  43G,  the 
margin  was  kept  nominally  £  in.,  or  the  same  as  in  No.  433,  and  was 
actually  but  very  slightly  different,  as  is  shown  in  Table  XIX.  The 
breadth  of  the  plate  and  the  pitch  of  the  rivets  were  varied,  all 
other  dimensions  remaining  unchanged.  All  the  joints  however  broke 
by  shearing  ;  and  their  strength  remained  therefore  unaffected  by  the 
alteration  in  the  area  of  the  plate.  It  will  be  seen  that  the  three 
specimens  broke  under  a  mean  shearing  stress  of  21*37  tons  per 
sq.  in.,  and  with  a  bearing  pressure  of  35  •  18  tons  per  sq.  in.  The 
apparent  reduction  of  tensile  stress  from  31*78  to  25*42  tons  per 
sq.  in.  is  of  course  due  simply  to  the  increase  of  the  tearing  area, 
and  not  to  any  incapacity  in  the  metal  to  stand  the  larger  stress.  It 
is  noticeable  that  a  variation  in  tensile  stress  between  25  and  35  tons 
per  sq.  in.  does  not  appear  to  make  the  least  difference  in  the  ultimate 
shearing  resistance  of  the  section — a  fact  that  could  hardly  have  been 
considered  to  be  a  priori  probable.  It  will  be  seen  from  the 
subsequent  experiments  that,  even  at  a  considerably  lower  bearing 
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pressure  than  that  existing  here,  the  rivets  seldom  stood  more  than 
22  tons  per  sq.  in.  before  shearing:  which  makes  it  appear  probable 
that  a  result  which  at  first  might  be  easily  attributed  to  excessive 
bearing  pressure  was  partly,  if  not  wholly,  due  to  other  causes,  which 
will  be  mentioned  later  on. 

The  point  at  which  slipping  commenced  was  not  observed  in 
Series  VII.  The  point  at  which  opening  out  of  the  joint  began  was 
very  irregular  indeed,  varying  from  15 -9  per  cent,  of  the  breaking 
load  in  No.  434,  to  44  •  3  per  cent,  in  No.  433.  In  mean  it  was  33  ■  2 
per  cent. 

Riveted  Joints,  Final  Series. — The  last  set  of  specimens  tested 
(Series  VIII.)  consisted  of  eighteen  riveted  joints,  all  of  the  single 
riveted  lap  type,  each  with  seven  rivets.  These  joints,  which  required 
a  total  pull  of  from  70  to  80  tons  for  their  fracture,  were  tested  upon 
the  machine  belonging  to  the  Barrow  Haematite  Steel  Works  (kindly 
placed  at  the  disposal  of  the  Institution  for  the  purpose),  by  Mr.  E. 
Eichards  and  the  author.  The  eighteen  specimens  were  arranged  in 
six  sets  of  three  each,  each  set  being  differently  proportioned.  These 
sets  are  numbered  652  to  657  in  the  Tables.  No.  652  was  intended 
to  have  such  proportions  (as  far  as  could  be  judged  from  the  earlier 
experiments)  as  to  be  equally  likely  to  give  way  by  tearing  or  by 
shearing.  The  intensity  of  the  shearing  stress  was  intended  to  be 
two-thirds  of  that  of  the  tensile  stress,  while  the  bearing  pressure 
per  sq.  in.  was  intended  to  be  about  7^  per  cent,  greater  than  the  tension. 
No.  653  was  proportioned  with  excess  of  shearing  or  rivet  area,  No.  654 
with  defect  of  shearing  area,  No.  655  with  excess  of  tearing  or  plate 
area,  No.  656  with  defect  of  tearing  area,  and  No.  657  with  excess  of 
bearing  pressure  :  the  different  proportions  being  arrived  at  by 
varying  the  pitch  and  diameter  of  the  rivets,  and  in  the  case  of  No.  657 
the  thickness  of  the  plate  also.  The  "  margin  "  in  all  cases  was  £  in. 
As  to  breadth,  pitch,  and  margin,  the  specimens  were  all  made  to 
gauges  prepared  by  the  author  to  the  particular  sizes  required.  The 
preparation  was  done  by  Messrs.  Geo.  Wailes  &  Co.  :  after 
machining,  each  plate  was  carefully  measured  up  with  vernier  callipers, 
and  the  actual  dimensions  were  of  course  used  in  the  calculations. 
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The  riveting,  which  was  by  hand,  was  again  done  at  the  works  of 
Mr.  William  Boyd,  so  as  to  ensure  the  same  class  of  work  as  before. 
It  is  assumed  in  the  calculations  that  the  rivets  filled  the  holes 
drilled  for  them,  and  there  is  every  indication  that  this  was  the  case. 

The  intended  proportions  of  the  joints  were  somewhat  interfered 
with  by  the  fact  that  the  thickness  of  the  plates  was  rather  full 
throughout,  the  mean  thickness  of  the  plates  nominally  §  in.  beiDg 
0*396  in.,  or  5*6  per  cent,  in  excess,  and  that  of  the  plate  nominally 
-i^-  in.  being  0*347  in.,  or  11  per  cent,  in  excess.  It  therefore 
happens  that  some  of  the  joints,  which  were  proportioned  to  give 
way  by  tearing,  broke  ultimately  by  the  shearing  of  the  rivets.  In 
spite  of  this  however,  the  experiments  give  practically  all  the 
information  that  was  expected  from  them. 

Table  XXII.  gives  the  measured  dimensions  of  the  joints  (the 
means  for  each  set  of  three),  as  well  as  the  actual  ratios  of  shearing 
and  bearing  areas  to  tearing  area.  Table  XXIII.  gives  the  general 
results  of  the  experiments,  which  will  be  dealt  with  immediately. 
Table  XXIV.  gives  the  tenacity  of  ten  strips  cut  from  the  §  in.  and 
three  from  the  -^  in.  plate,  with  other  particulars  as  to  the  material. 
It  will  be  seen  that  it  is  very  closely  similar  to  that  of  the  plates 
used  for  the  former  experiments,  having  a  tensile  resistance  of  29*33 
tons  per  sq.  in.,  and  an  ultimate  extension  of  23*2  per  cent,  in  10  in. ; 
exactly  the  same  figures  as  the  means  for  Series  I.  and  II.,  given  in 
Table  VII.  Table  XXV.,  lastly,  gives  the  shearing  and  tensile 
resistance  of  the  rivet  steel  used  in  Series  VIII.  The  shearing 
resistance  was  measured  in  the  apparatus  formerly  described.  The 
steel  tested  in  Nos.  728-1  to  728-6  was  that  used  for  the  f  in.  rivets 
in  the  joints  Nos.  652,  655,  656,  and  657,  and  gave  a  shearing 
resistance  of  26  *  33  tons  per  sq.  in.,  with  something  like  a  limit  of 
elasticity  at  70*3  per  cent,  of  the  breaking  load.  This  resistance 
is  about  the  same  as  that  of  the  ^-§  in.  bar  in  Table  XL,  and 
therefore  considerably  more  than  that  of  the  l^g-  in.  and  the  -[^  in. 
bar.  A  piece  of  the  same  steel  broken  by  tension  gave  a  resistance 
of  29*03  tons  per  sq.  in.,  so  that  the  shearing  resistance  in  this  case 
was  90*7  per  cent,  of  the  tensile. 

The    results    obtained    by   breaking    the   joints   are    given    in 
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Table   XXIII.,   which    is   arranged   on   the    same    general    plan  as 
Tables  XVII.  and  XX.     The  three  joints,  No.  652,  all   broke   by 
shearing    at   nearly   the    same    total    load    (average    73*26    tons). 
The  mean  shearing   stress   was    21*46    tons    per    sq.    in.,  or  about 
18*5  per  cent,    lower  than  the  full    resistance    to    shearing.     The 
mean  bearing  pressure  was  only  33*17  tons  per  sq.   in.,   and  the 
tension   31*36   tons  per  sq.  in.,   or  6*9  per  cent,  higher   than  the 
natural  tenacity,  although  the  plate  did  not  tear.     The  proportions 
and   results   were    very    much   the    same    as    those    of  434    (Series 
VII.,    Table   XX.).       No.    653   was   proportioned   with    excess   of 
rivet  area  (by   the  use  of  larger  rivets),  aud  a    consequent  slight 
increase  of  bearing  area ;  the  plate  area  was  kept  the  same.     These 
joints  were  expected  to  break  by  tearing  the  plate,  but  in  the  result 
only  one  went  in  this  fashion,  the  rivets  being  sheared  in  the  other 
two.     This  was  partly  due  to  the  excess   thickness  of  plate,  which 
gave   6*4  per  cent,   additional  tearing  area,  and  partly  to  the  fact 
that  the  rivets  sheared  (in  the  two  joints  which-  broke  by  shearing) 
at   18*23  tons   per  sq.  in.  only,  or  about  16*5  per  cent,  below   the 
average  of  the  other  sheared  joints.     This  cannot  have  been  due  to 
excessive  bearing  pressure  (which  only  reached  31  *  5  tons  per  sq.  in.), 
nor  could  any  signs  of  defective  riveting,  or  of  the  rivets  not  having 
filled  up  the  holes,  be  detected.     On  examining  Table  XI.  however,, 
it   will   be   seen   that    there   was  there    as   much   as    14   per   cent, 
difference  between  the  shearing  resistance  of  two  sizes  of  rivet  steel ; 
and  it  is  probable  that  the  larger  rivet  steel  used  for  No.  653  (and  not 
for  any  of  the  others)    had  in  the  same  way  a  smaller  resistance. 
Unfortunately    there  wTas  no  opportunity  of   testing    the   shearing 
resistance  of  this  larger  diameter.     It  will  be  remembered   that  it 
was  the  largest  size  of  rivet  in  Series  VI.  (Table  XVII.)  which  also 
gave  so  low  a  shearing  resistance.    The  proportions  of  No.  653  however 
are  obviously  very  nearly  those  of  uniform  strength  for  this  weaker 
rivet  steel  (or  for  rivets  which  for  any  reason  can  shear  at  so  low  a 
stress)  ;  for  one   of  the    threa  joints   of  the   set    broke  by   tearing. 
The   tensile  stress  at   fracture    of   this    joint  was    33*48  tons  per 
sq.  in.,   or  14*1    per   cent,    more    than   the    tenacity   of  the  plate, 
and   the   strength   of  the  joint  as  a  wThole   was   56*2  per  cent,  of 
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the  strength  of  the  solid  plate.  The  mean  strength  of  the  three 
joints,  as  compared  with  that  of  the  solid  plate,  was  54  ■  8  per  cent. 
It  will  be  noticed  that  a  stronger  rivet  steel  could  not  here  have 
greatly  increased  the  resistance  of  the  joints,  as  the  tensile  stress 
on  theru  was  already  very  nearly  up  to  the  breaking  load. 

No.  654  was  made  with  defect  of  rivet  area,  by  using  small 
rivets  and  keeping  the  plate  section  the  same ;  and  No.  655  with 
excess  of  plate  area,  by  increasing  the  pitch  with  the  use  of  the 
standard  sized  rivets  (f  in.).  Both  sets  broke,  as  was  expected,  by 
shearing.  The  smaller  rivets  stood  a  somewhat  greater  shearing 
stress  than  the  others ;  but  practically  the  joints  were  of  the  same 
strength,  viz.,  55  per  cent,  of  that  of  the  solid  plate  :  so  that  all  four 
proportions,  652  to  655,  were  very  closely  of  the  same  strength. 

The  three  joints  of  No.  656  were  made  with  reduction  of  plate  area, 
by  reducing  the  pitch,  keeping  the  f  in.  rivets  as  before.  Two  of 
them  tore  through  the  plate,  as  was  expected,  the  third  broke  by 
shearing  the  rivets.  The  cause  of  the  latter  mode  of  fracture 
however  may  have  been  a  defective  rivet,  for,  although  all  the  rivets 
gave  way  simultaneously,  one  gave  by  the  tearing  off  of  both  ends, 
instead  of  by  shearing,  and  appeared  to  have  been  somewhat  burnt ; 
and  another  showed  a  partly  crystalline  fracture.  The  mean  tensile 
stress  when  the  joints  broke  was  36-13  tons  per  sq.  in.  or  23  "2  per 
cent,  more  than  the  tenacity  of  the  plate.  Taking  only  the  two 
joints  which  broke  by  tearing  the  plate,  the  stress  reached  36*7  tons 
per  sq.  in.,  or  25*1  per  cent,  more  than  the  tenacity  of  the  plate. 
By  this  extremely  high  figure  the  strength  of  these  joints  is  brought 
up  to  58*6  per  cent,  of  that  of  the  solid  plate.  If  the  author's 
explanation  of  the  cause  of  the  increase  of  strength  due  to  perforation 
be  a  correct  one,  anything  which  tended  (within  certain  limits)  to 
exaggerate  the  effect  of  flow  already  described  should  strengthen  the 
metal.  It  seems  probable  that  the  narrowing  of  the  metal  between 
the  holes  in  this  case  has  had  just  such  an  effect,  and  may  be  looked 
on  as  a  probable  cause  of  the  increased  resistance  to  tension. 

The  last  set  of  joints  tested  were  numbered  657,  and  were  of 
thinner  plate,  with  the  object  of  getting  the  same  tearing  and  shearing 
area  as  in  No.  652,  with  decrease  of  bearing  area.     The  thickness  of 
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the  plates  however  was  0*347  in.  instead  of  yV  in.,  so  that  the  very 
high  pressure  wished  for  was  not  obtained.  The  highest  pressure  in 
any  one  case  was  42*56  tons  per  sq.  in.,  the  mean  of  the  three  being 
39  •  71  tons  per  sq.  in.  This  pressure,  somewhat  higher  than  appeared 
from  the  former  experiments  to  be  allowable,  still  does  not  seem  to 
have  sensibly  affected  the  shearing  resistance,  which  reached  an 
average  of  22  *  09  tons  per  sq.  in.  before  the  rivets  sheared.  The 
mean  strength  of  the  three  joints  was  60*8  per  cent,  of  that  of  the 
solid  plate,  and  the  highest  single  result  (given  in  the  Table)  was 
63  •  7  per  cent.  The  tensile  stress  when  the  rivets  sheared  was  (in 
mean)  32*56  tons  per  sq.  in.,  or  11  per  cent,  more  than  the  tenacity 
of  the  untouched  plate. 

The  point  at  which  visible  slipping  of  the  plates  of  each  joint  on 
one  another  commenced  was  observed  (with  the  aid  of  a  magnifying 
glass)  as  closely  as  was  practicable ;  and  the  results  are  given  in 
Table  XXIII.  In  the  mean,  slip  occurred  at  about  23  ■  5  per  cent,  of 
the  breaking  load,  but  in  some  cases  it  was  visible  very  much  sooner 
even  than  this.  The  points  observed  do  not  appear  to  bear  any 
particular  ratio  either  to  the  strength  of  the  joint  or  the  pitch  of  the 
rivets. 

In  summing  up  the  results  of  Series  VIII.  it  should  be  said  first 
of  all  that  the  fractures  were  throughout  very  satisfactory.  In 
only  one  case  (652-3),  did  one  rivet  give  slightly  before  the  others, 
and  this  particular  case  happened  to  be  the  one  of  its  set  which 
stood  the  greatest  shearing  stress.  Out  of  all  the  rivets  sheared,  four 
only  showed  traces  of  crystalline  structure;  and  two  gave  way  at 
the  heads  instead  of  by  shearing.  The  riveting  seems  to  have  been 
very  sound  throughout.  In  the  three  joints  which  tore  through  the 
plate,  the  mean  tensile  stress  at  fracture  was  35  ■  62  tons  per  sq.  in., 
or  21*4  per  cent,  more  than  the  tenacity  of  the  solid  plate.  In  the 
fifteen  joints  which  gave  way  by  shearing  (including  those  of  No.  653) 
the  mean  shearing  stress  at  fracture  was  21  •  5  tons  per  sq.  in.,  or  18  ■  3 
per  cent,  less  than  the  full  shearing  resistance  of  the  rivet  steel. 
The  increase  of  tensile  resistance  has  already  been  discussed.  The 
decrease  of  shearing  resistance  may  no  doubt  be  largely  due  to  the 
fact  that  the  rivets  are  in  tension  as  well  as  in  shear,  tension  due  to 
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the  opening  out  of  the  plates  before  the  joint  breaks.  The  Author 
has  in  hand  some  experiments,  which  he  hopes  to  be  able  to  lay 
before  the  Institution,  with  a  view  to  finding  out  what  shearing 
resistance  the  rivet  itself  has,  when  tested  under  conditions  exactly- 
similar  to  those  under  which  the  other  shearing  experiments  (Tables 
XI.  and  XXV.)  were  made. 

General  Results. — The  graduated  experiments  of  Series  VIII. 
allow  very  clear  deductions  to  be  made  as  to  the  best  proportions  for 
certain  important  types  of  riveted  joint.  The  strongest  proportions 
are  those  of  Nos.  656  and  657.  The  difference  between  them  is  not 
very  great  at  first  sight,  but  is  in  reality  more  than  may  appear. 
The  joints  of  No.  656  owe  their  great  resistance  entirely  to  the  excess 
tensile  stress  which  they  sustained ;  and  without  further  experience 
it  is  not  possible  to  count  on  always  obtaining  such  a  great  excess, 
far  higher  than  is  indicated  by  the  other  experiments.  Moreover 
the  close  pitch  makes  the  joint  an  expensive  one,  and  the  deficiency 
in  plate  area  is  in  almost  all  cases  a  deficiency  in  the  wrong  direction. 
It  is  therefore  clear  that  No.  657  is  by  far  the  best  type  of  joiut 
among  those  tested,  and  it  can  hardly  be  expected  under  any 
circumstances  to  obtain  a  single-riveted  lap  joint  which  has  an 
average  of  more  than  61  per  cent,  of  the  strength  of  the  solid  plate.  In 
No.  657  the  ratio  of  rivet  to  plate  area  (see  Table  XXII.)  was  1  •  47  :  1, 
and  of  bearing  to  plate  area,  0*82:1.  Calling  then  the  pitch  of  a 
single-riveted  lap  joint  p,  the  diameter  of  the  rivet  holes  d,  and  the 
thickness  of  plate  t ,  we  obtain  for  the  equations  connecting  these  three 
quantities, 

l-47(p  -d)t  =  p, 

and 

0-82  (p-  d)  t  =  td. 

Worked  out,  this  gives 

p  =  2-22  d, 

d  =  2-28  t; 

which  may  be  at  once  rounded  off  to 

pitch  =  2*25  diameter  of  hole, 

diameter  of  hole  =  2  •  25  thickness  of  plate, 
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which  would  thus  represent  the  proportions  (supposing  they  could 
conveniently  be  used)  of  a  single-riveted  lap  joint,  with  steel  plates 
and  rivets,  of  maximum  strength. 

The  joints  in  No.  057  already  had  a  small  excess  of  plate  area ;  and 
this  " rounding  off"  of  the  figures  Avould  give  a  little  more.  For 
boilers  it  would  probably  be  advisable  to  increase  the  ratio  of  pitch 
to  diameter  of  hole  to  2  •  3  or  2  •  4.  The  diameter  of  the  rivet  will  be 
about -jV  inch  less  than  the  diameter  of  the  hole. 

Although  only  one  type  of  joint  (single-riveted  lap  with  drilled 
holes)  was  tested,  the  experiments  enable  some  inferences  to  be 
drawn  respecting  others.  With  the  wider  pitch  of  double-riveted 
joints,  the  excess  tenacity  of  the  plate  will  be  much  less,  and  with 
chain-riveted  joints  of  ordinary  proportions  it  will  altogether 
disappear.  For  the  latter  it  will  not  be  safe  to  assume  a  greater 
tensile  stress  than  the  ordinary  resistance  of  the  material.  For  butt 
joints,  on  the  other  hand,  if  they  have  double  cover-plates,  the 
shearing  resistance  of  the  rivets  will  approach  much  more  nearly  the 
shearing  resistance  of  the  steel  out  of  which  they  have  been  made ; 
and  even  in  a  double-riveted  lap  joint  the  shearing  resistance  per 
sq.  in.  should  be  somewhat  greater  than  in  a  single-riveted  one,  on 
account  of  the  greater  stiffness  given  to  the  plates  by  the  broad  lap. 

If  we  take  a  double-riveted  lap  joint  (of  the  materials  used  in  the 
experiments)  to  be  equally  likely  to  break  either  way  when  the  tensile 
stress  is  31*5   tons  per   sq.  in.,  the  shearing  stress  23 '0  tons  per 
sq.  in.,  and  the  bearing  pressure  40  tons  per  sq.  in.,  we  should  get 
for  proportions  of  uniform  (and  maximum)  strength 
pitch  =  3*54  diameter  of  hole, 
diameter  =  2-21  thickness  of  plate  ; 
and  if  the  plate  had  a  natural  tenacity  of  29*5  tons  per  sq.  in.,  such 
a  joint  would  have  a  strength  equal  to  nearly  77  per  cent,  of  that  of 
the  solid  plate. 

The  effect  of  substituting  punched  for  drilled  holes  can  be 
estimated  from  the  results  given  in  Tables  XII.  and  XIV.  The 
excess  of  tensile  resistance  over  that  of  the  untouched  plate  is  reduced 
to  about  G^per  cent. 


APBIL  1881.  EXPERIMENTS    ON    KIVETED   JOINTS.  231 

The  joints  experimented  on  were  all  made  in  |  in.  plate.  The 
results  probably  hold  good  for  h  in.  plate  also ;  but  for  ^  or  1  in. 
plate  the  excess  of  tensile  resistance  will  probably  be  considerably 
reduced  in  practice  by  the  comparatively  much  larger  pitch  which 
then  becomes  necessary.  Even  for  h  in.  plate  the  large  proportion 
of  rivet  diameter  to  thickness  (d  =  2  *  25  t)  would  be  at  best  very 
inconvenient,  and  for  greater  thicknesses  it  would  be  impracticable. 
The  proportional  strength  of  the  best  practicable  single-riveted  joint 
will  therefore  decrease  very  much  as  the  thickness  increases. 

It  is  worth  while,  from  a  practical  point  of  view,  to  notice  that 
the  results  of  the  experiments  of  Series  VIII.,  joints  with  seven 
rivets,  do  not  differ  from  the  earlier  results  of  joints  with  three 
rivets,  or  even  with  two,  in  any  way  that  can  be  attributed  to  the 
greater  breadth ;  and  therefore  there  seems  no  valid  reason  for 
refusing  to  accept,  as  applicable  within  proper  limits  to  large  joints, 
results  obtained  from  experiments  made  on  much  smaller  ones.  The 
only  exception  to  be  made  to  this  is  that  perhaps  the  larger  value  of 
the  excess  tensile  resistance  in  Series  VIII.,  compared  with  the  former 
experiments,  may  be  partly  due  to  the  great  width  of  the  joints  having 
counteracted  any  weakening  effect  (as  compared  with  Series  V.  and 
VA.)  of  the  straight  sides  in  the  smaller  joints. 

The  Author  would  like  once  again  to  point  out  that,  for  the 
reasons  already  given,  he  has  confined  himself  entirely  to  a  statement 
and  discussion  of  his  own  results,  without  comparing  them  with  those 
of  others.  He  may  however  be  permitted  to  express  his  gratification 
that  the  recent  admirable  memoir  published  by  the  Board  of  Trade 
on  this  subject  contains  results  which  agree  in  every  important 
respect  with  those  just  described,  so  far  as  they  cover  the  same 
ground. 
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NOTE. 

Since  the  paper  was  read  it  has  been  pointed  out  to  the  author  by  Professor 
Unwin  that  without  a  little  further  explanation  the  formula  given  on  page  229 
may  be  somewhat    misleading.      The   first  of   the   two  equations  given  (viz. 

1*47  (p  —  d)  t  =  —  <F)  is  the    equation  which  comes    directly  out    from    the 

experiments,  and  this  equation  gives  an  absolute  relation  which  the  pitch  ought  to 

bear  to  the  diameter  of  the  rivet  whatever  that  diameter  may  be,  this  relation 

d2 
being  p  =  0  •  53 \-  d.    This  formula  may  always  be  used  in  cases  of  material 

and  joints  similar  to  those  experimented  upon,  where  both  thickness  of  plate  and 
diameter  of  rivet  are  fixed  beforehand,  and  will  give  the  best  pitch  for  the  given 
diameter  of  rivet.  From  the  same  equation  however  there  can  be  obtained  the 
relative  strength  of  the  joint  and  solid  plate  (neglecting,  as  a  constant,  the 
increase  of  strength  by  perforation),  as  follows : — 

net  plate       p-d  =  Q^3  ffi^dd 


gross  plate  ~      p  pt~  p       t 

Therefore  for  any  given  ratio  of  diameter  to  pitch  I  —  \  the  strength  of  the  joint 

increases  in  proportion  to  the  ratio  of  diameter  to  thickness.    If  the  allowable 

bearing  pressure  be  fixed  beforehand,   this  ratio  I  -  J   is  also  fixed,  as  the 

equations  show.  The  larger  this  ratio  (other  things  being  equal),  the  greater  the 
intensity  of  pressure  on  the  rivet.  The  proportion  d  =  2  •  28 1  corresponds  to  a 
pressure  of  about  40  tons  per  sq.  in. ;  it  may  quite  well  be  that  further 
experiments  will  show  a  much  higher  pressure  to  be  available,  in  which  case  a 
larger  rivet  might  be  used,  and  a  greater  strength  obtained.  But  practical 
considerations  would  seldom  allow  a  larger  rivet  to  be  used,  and  as  plates  become 
thicker  they  compel  the  use  of  a  much  smaller  ratio  of  diameter  to  thickness. 
Hence  for  ordinary  circumstances  it  may  be  said  that  to  obtain  the  strongest 
single-riveted  joint  the  rivets  should  be  made  as  large  as  is  practicable,  and  the 
pitch  proportioned  as  given  in  this  note.  If  the  rivet  diameter  is  less  than 
2J  times  the  thickness  of  the  plate,  the  strength  of  the  joint  will  inevitably  be 
less  than  the  strength  of  No.  657,  although  it  may  be  the  strongest  possible 
joint  with  the  given  diameter  of  rivet.  Professor  Unwin  points  out  that  in 
double  and  treble-riveted  joints  the  proportionate  loss  of  strength  due  to  the 
use  of  too  small  rivets  is  very  much  less  than  in  single-riveted  joints — a  point 
of  great  importance  in  many  cases,  and  especially  in  heavy  boiler-work. 
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Discussion  on  Riveted  Joints. 

Professor  Kennedy  desired  to  say  one  or  two  words.  He  wished, 
in  the  first  place,  to  apologise  for  the  length  of  his  paper ;  but  it 
had  to  be  put  in  the  nature  of  a  statement  of  results  for  the  Institution, 
and  he  was  therefore  bound  to  make  it  as  complete  as  possible.  In 
the  next  place  he  wished  to  mention  a  suggestion  of  his  friend 
Mr.  Willis,  to  whom  he  had  been  indebted  for  a  good  deal  of  help 
during  the  experiments : — namely,  that  the  actual  shearing  resistance 
of  the  rivet  in  the  plate,  independently  of  the  complication  introduced 
by  the  bending  of  the  plate,  could  be  easily  tested  in  the  shearing 
apparatus.  The  method  was  simply  to  take  two  pieces  of  plate,  rivet 
them  together,  cut  out  the  part  of  the  plates  where  the  rivets  were, 
in  the  form  of  discs  with  the  rivets  in  the  centre,  put  these  into  the 
apparatus  and  shear  them  dead  fair.  The  shearing  was  thus 
accomplished  without  any  bending  outward.  They  had  just  been 
able  to  carry  out  these  experiments,  and  Mr.  Willis  informed  him 
that  the  shearing  resistance  came  to  27^  tons  per  sq.  in. ;  which  was 
27  per  cent,  more  than  the  average  resistance  of  the  same  sized 
rivets  when  tested  in  the  joints,  and  about  4  per  cent,  more  than 
the  natural  average  resistance  of  the  same  steel  before  it  was  made 
into  the  rivet.  The  rivets  used  were  some  which  Mr.  Boyd  had 
been  kind  enough  to  send  him,  and  were  from  the  identical  bars 
which  had  been  used  in  Series  VIII.  The  plates  were  also  from 
Series  VIII.     Some  of  the  shorn  rivets  were  on  the  table. 

Mr.  R.  H.  Tweddell  said  that  at  the  request  of  the  Committee  on 
Eiveted  Joints  he  had  laid  before  its  members  the  appended  Table 
(pp.  293-299),  giving  the  practice  of  several  leading  authorities  as  to 
the  dimensions  of  riveted  joints  for  different  thicknesses  of  jdate.  His 
object  in  proposing  the  compilation  of  this  Table  to  his  colleagues 
on  the  Committee  was  simply  that  they  might  avail  themselves  of 
the  experience  gained  in  actual  practice  by  the  manufacturers  of  this 
country.     The   theoretical   aspect  of  the  question  of  riveted  joints 
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had  been  so  ably  dealt  with  by  other  gentlemen,  and  especially  in 
the  two  papers  brought  before  the  members  on  this  occasion,  that 
he   might   be   excused   if  he  confined  himself  to   results  shown  in 
workshop  practice.     For  the  slight  contribution  which  he  had  thus 
made  towards  the  elucidation  of  this  subject  he  was  indebted  to  the 
information  kindly  supplied  by  various  firms,  who  were  represented 
by  the  letters  placed  at  the  top  of  the  columns.     The  general  result 
of  the  information  he  had  received  (and  he  should  be  very  glad  if, 
before  the  final  conclusion  of  the  enquiry,  any  other  gentlemen  or 
firms  would  furnish  similar  data)  was  to  show  a  great  variation  in 
the  practice   of  boiler-makers  in  this  country,  and  consequently  a 
great  variation  in  the  strength  of  the  joints  designed  by  them.     For 
greater  clearness,  he  had  worked  out  roughly  the  strength  of  the 
rivets  and  also  of  the  plate  in  each  joint,  as  a  percentage  of  the 
strength  of  the  solid  plate.     These  figures  were  given  in  the  Table, 
and  the  maximum  and  minimum  results  were  also  given  in  the  diagram, 
Plate  33.     That  diagram  showed  at  a  glance  how  wide  the  variations 
were  in  practice ;  and  also  how,  even  with  the  best  practice,  the 
proportion  of  strength  steadily  declined  as  the  plate  was  increased 
in  thickness. 

Turning  to  Professor  Kennedy's  paper,  there  was  one  point 
which  he  thought  of  the  very  greatest  importance,  namely  the 
question  of  the  "  elastic  life  "  of  the  material.  That  investigation 
seemed  to  him  to  be  a  most  important,  and  in  some  respects  a  rather 
startling  one.  It  appeared  that  a  set  distinctly  commenced  at  a  load 
of  8  •  2  tons  per  sq.  in.,  in  a  material  which  was  capable  of  standing 
a  stress  of  about  30  tons.  If  so,  it  would  seem  necessary  to 
increase  considerably  the  margin  of  safety  with  which  engineers  were 
now  working  in  many  of  their  structures. 

In  reference  to  the  question  which  had  been  raised  on  p.  210,  as 
to  substituting  some  new  term  for  "  what  is  called  commercially  the 
limit  of  elasticity,"  he  would  suggest  that  Professor  Kennedy  himself 
had  on  p.  211  given  an  indication  as  to  what  this  term  should  be, 
where  he  spoke  of  "  a  change  which  is  perhaps  best  described  by 
the  phrase  breaking  doicn."  He  (Mr.  Tweddell)  would  suggest  that 
the  stage  in  the  experiments  where  the  set  curve  was  first  distinctly 
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marked  would  be  accurately  described  by  tbe  term  "  limit  of  fatigue," 
tbis  being  tbe  point  where  it  might  bo  said  that  exhaustion  had 
ensued,  or  a  condition  just  previous  to  breaking  down.  He  merely 
threw  out  the  suggestion,  as  it  occurred  to  him  in  reading  Professor 
Kennedy's  remarks  on  the  subject. 

Professor  Kennedy  had  also  alluded  to  the  question  of  "  margin 
and  pitch."  One  of  the  objects  of  compiling  the  Table  he  had 
presented  was  to  discover  the  largest  margin,  and  also  the  widest 
pitch,  which  could  be  given  consistent  with  fair  caulking.  Of  course 
a  large  margin  gave  an  increased  leverage  to  the  caulking  tool, 
tending  to  open  the  joint.  In  his  own  opinion  however  caulking 
was  a  barbarous  process,  and  not  at  all  necessary,  if  a  joint  was 
properly  made  and  riveted  to  begin  with.  He  believed  that  caulking, 
as  formerly  understood,  was  not  now  used  in  any  good  boiler  shop. 
Fullering  up,  or  simply  closing  up  the  joint  with  a  light  hammer 
and  a  small  tool,  was  of  course  admissible ;  but  that  did  not  involve 
any  strain  on  the  rivets.  Further,  the  result  of  Professor  Kennedy's 
observations  showed  that  a  reduction  of  the  margin  to  about  the 
diameter  of  the  rivet  did  not  materially  affect  the  strength  of  the 
joint ;  and  the  Tables  showed  that,  with  double  riveting,  a  pitch  of 
4^  diameters  could  be  used  in  practice,  which  was  also  stated  in 
Baron  Clauzel's  paper  (p.  190)  as  being  the  French  practice.  Therefore 
he  thought  that  a  step  had  been  made  in  advance,  in  their  knowledge 
of  riveted  joints,  when  it  was  shown  not  to  be  necessary  for  the 
strength  of  the  joint  to  give  a  large  margin ;  and  this,  coupled  with 
the  fact  that  a  good  pitch  was  admissible,  owing  to  the  non-necessity 
for  caulking,  gave  at  once  the  elements  of  a  good  and  economical 
joint. 

Mr.  F.  W.  Webb  said  that  his  experience  in  riveting  was  mainly 
of  a  practical  character,  and  he  had  no  time  now  for  making  any 
further  theoretical  experiments,  but  he  should  like  to  say  a  few  words. 
First,  with  regard  to  caulking,  Figs.  15  and  16,  Plate  32,  illustrated 
the  method  he  adopted.  Instead  of  caulking  at  all  at  the  very  edge  of 
the  plate,  he  bevelled  the  edge,  and  used  a  fuller  or  caulking  tool  F, 
made  in  the  shape  shown,  so  as  to  have  no  tendency  to  separate  the 
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two  thicknesses  of  plate.  Another  point  with  regard  to  his  practice, 
which  he  had  spoken  of  before  (Proceedings  1879,  p.  305),  and  which 
saved  in  great  measure  the  necessity  of  caulking,  was  that  he  always 
sponged  the  two  inside  surfaces  of  a  joint  with  hot  water  and  sal 
ammoniac,  to  eat  off  the  magnetic  oxide,  before  putting  the  plates 
together.  Unless  this  were  done,  the  oxide  would  generally  get 
hammered  off  in  some  places  and  left  on  in  others :  and,  where  it  was 
left  on,  it  got  pounded  to  powder  in  the  act  of  riveting,  and  was  so 
left  between  the  plates ;  in  which  case  the  steam  got  in  and  cut 
away  the  joint.  But  the  sponging  of  the  two  surfaces  with  sal 
ammoniac  took  the  oxide  entirely  away;  and  his  boilers  were 
practically  tight  at  160  lbs.  pressure  when  they  came  out  of  the 
shop,  without  anything  further  being  done. 

There  was  a  remark  in  Baron  Clauzel's  paper,  p.  201,  to  the  effect 
that  the  corrosion  in  ships  was  outside,  and  that  the  corrosion  in 
boilers  was  inside.  That  however  was  not  what  he  found  in 
practice.  In  the  steamers  of  the  London  and  North  Western 
Railway  Co.,  at  all  events,  the  great  trouble  was,  in  carrying  cattle, 
to  prevent  corrosion  inside.  What  with  the  urine  of  the  cattle 
getting  on  the  plates,  and  the  Board  of  Trade  insisting  that  they 
should  be  lime-washed,  their  ships  were  rapidly  corroding  away. 
Again,  he  had  found  both  in  iron  and  steel  boilers  that  the  slightest 
weeping  at  the  joints  would  cut  out  a  plate  very  rapidly,  in  the 
form  shown  in  Fig.  14.  He  had  seen  a  plate  cut  half  way  through 
in  six  months,  especially  round  the  front  angle-irons  of  a  locomotive 
boiler.  That  had  led  him  to  use  a  very  much  wider  flange  for  the 
angle-iron  in  locomotive  boilers,  as  in  Figs.  12  and  13,  Plate  32, 
and  to  make  the  inner  rivets  at  A  ^  in.  diam.  and  the  outer  rivets 
at  B  only  |  in.  or  ^  in.  This  had  given  a  very  much  better  result 
than  he  had  hitherto  obtained.  He  had  previously  found  in  practice 
that  the  weakening  of  the  plate,  by  the  rivets  which  united  it  to  the 
short  stiff  angle-iron,  caused  it  to  bend,  and  gradually  to  corrode  all  the 
way  round,  as  shown  at  C,  Figs.  10  and  11.  By  softening  off  the 
thickness  of  the  angle-iron  a  little  more,  and  putting  smaller  rivets 
towards  its  edge,  that  was  prevented,  so  that  the  plates  did  not 
now  corrode  there,  and  there  was  no  trouble  with  leaky  joints  arising 
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from  the  leverage  of  the  angle-iron  working  on  the  weakest  point  of 
the  plate.  At  the  present  time  he  had  over  1600  locomotive  boilers 
of  steel,  working  at  140  to  145  lbs.  per  sq.  in.,  and  he  had  had 
no  trouble  whatever  with  them. 

In  reference  to  steel,  he  might  be  allowed  to  mention  that  down  to 
the  present  time  he  had  made  over  100,000  practical  tests  on  steel 
plates,  and  had  never  had  to  reject  more  than  two  plates  for  failing 
in  actual  work ;  and  those  two  cases  had  been  entirely  due  to 
mismanagement  on  the  part  of  the  men.  Some  little  time  ago  he  had 
a  plate  sent  to  him  from  one  of  the  boilers  that  had  failed  in  the  case 
of  the  Livadia,  a  circumstance  which  had  caused  a  great  deal  of 
sensation.  He  was  rather  surprised  to  find  that  the  examination  of 
this  plate  did  not  reveal  what  had  caused  the  failure  ;  but  having 
recently  learnt  the  way  in  which  the  plates  had  been  treated,  he  was 
no  longer  surprised  that  they  failed.  In  his  opinion  they  had  been 
as  ill-treated  as  any  material  could  possibly  be,  both  in  the  so-called 
annealing,  and  in  the  method  of  bending  the  plates.  The  idea  of 
bending  plates  hot  in  rolls  astonished  him.  If  they  would  not  stand 
bending  cold,  it  would  be  better  to  send  them  to  scrap  at  once.  In  the 
case  of  the  piece  sent  to  him  from  one  of  the  fractured  plates,  he 
cut  it  in  two,  put  one  half  aside  as  he  had  received  it,  and  sent  the 
other  half  into  the  shops  without  letting  the  men  know  where  it  came 
from,  merely  saying,  "  Treat  that  plate  as  you  treat  ours."  The 
result  was,  after  they  had  annealed  the  plate  in  the  usual  way — 
which  was  practically  nothing  else  than  putting  all  the  particles  of 
the  plate  at  rest,  without  any  softening  off,  or  covering  up  with  sawdust 
or  sand  &c. — they  punched  a  f-in.  hole  in  a  strip  3^  in.  wide,  and  then 
drove  a2-in.  drift  right  through  the  plate  cold,  without  fracture.  He 
then  had  the  other  half  bent  double  while  cold,  and  that  although  it 
still  showed  a  fractured  edge,  just  as  it  was  cut  out  of  the  boiler. 
He  thought  those  tests  showed  that  it  was  the  way  in  which  the  plates 
had  been  dealt  with,  both  in  attempting  to  anneal  them  and  in 
the  manufacture  of  the  boilers,  that  had  caused  them  to  fail ;  and 
yet  it  had  been  put  down  as  the  fault  of  steel  generally,  and  had 
thus  made  people,  without  any  real  reason  whatever,  afraid  of  using 
steel. 
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His  method  of  practically  dealing  with  steel  plates  for  boilers 

was  as  follows.    He  first  punched  all  the  holes  by  a  template  machine, 

using  a  large  bolster :  he  then  raised  the  plates  just  to  a  blood-red 

heat,  and  put  them  on  one  side  to  cool ;  and  then  did  all  the  other 

work  cold.     When   the   plates  were  cold,  they  were  bent  into  the 

proper  circle,  sponged  with  sal  ammoniac,  and  put  together.     After 

the  boilers  were  made,  the  whole  of  the  scale  was  taken  off  inside 

with  sal  ammoniac  and  water ;  and  as  soon  as  they  were  dry  they 

were  given  a  coating  of  glycerine,  if  the  boiler  was  likely  not  to  be 

used  at  once,  in  order  that  corrosion  might  not  go  on  any  further. 

The  small  ends  of  the  two  punched  holes  were  put  together ;  and  he 

liked  to  have  a  very  deep  head  for  the  rivets,  so  that  they  should  not 

give  way.    Eivet-heads  were  sometimes  made  so  flat  that  they  actually 

curled  up  round  the  edge,  and  so  caused  leakage.    In  the  longitudinal 

joints  he  put  the  rivets  in  double  shear  by  using  a  thin  cover-plate 

outside  and  inside.     In  that  case,  and  that  only,  he  punched  the  hole 

about   i  in.   smaller  than  the  finished  size,  and    then   put  a  rimer 

through   the  three  thicknesses  together,  and  they  came   as  true  as 

possible.     On  this  method  he  was  now  making  boilers  at  the   rate 

of  four  every  week — locomotive  boilers  working  at  140  lbs.  pressure  ; 

and  they  gave  no  trouble  whatever. 

Mr.  W.  Boyd  thought  it  was  a  little  unfortunate  that  the  discussion 
should  have  already  begun  to  wander  away  from  the  very  interesting 
line  that  had  been  indicated  by  Professor  Kennedy's  paper.  It 
appeared  to  him  that,  curiously  enough,  the  most  interesting  points 
which  had  been  developed  in  the  investigation  were  not  those  which 
the  Committee  had  immediately  before  them  when  they  set  about 
their  experiments.  When  they  began,  their  object  was  to  lay  before 
the  Institution,  on  some  conclusive,  and  as  far  as  possible 
authoritative,  basis,  the  best  practical  form  of  riveted  joint.  But, 
as  the  results  of  Mr.  Tweddell's  Table  and  Professor  Kennedy's 
experiments  showed,  the  joints  in  use  in  the  best  boiler-making 
practice  coincided  fairly  with  the  joint  which  was  found  theoretically 
to  be  most  satisfactory.    But  there  were  two  points  more  particularly 
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brought  out  by  Professor  Kennedy's  paper,  which  to  him  certainly 
were  entirely  novel.  The  first,  and  the  most  important  of  those 
points,  was  the  very  early  period  at  which  the  material  that  had 
been  tested  showed  signs  of  breaking  down  or  giving  way.  That 
matter  seemed  to  him  to  be  one  that  had  never  been  sufficiently 
considered ;  but  the  acceptation  or  rejection  of  Professor  Kennedy's 
conclusions  would  have  a  most  important  effect  upon  the  construction 
of  all  boilers,  of  all  girders,  and  of  all  structures  whose  strength 
depended  upon  the  vitality  of  steel  such  as  that  on  which  the 
experiments  had  been  made.  The  material  appeared  to  lose  its  full 
life,  so  to  speak,  at  so  much  earlier  a  stage  than  they  had  been 
accustomed  to  imagine,  that,  unless  some  corrective  could  be  applied, 
it  appeared  to  him  desirable  at  any  rate  that  the  fact  should  be 
thoroughly  recognised  in  the  designing  of  boilers  and  similar 
structures.  This  appeared  to  him  to  be  the  point  brought  out  by 
Professor  Kennedy's  paper,  which  more  than  any  other  deserved 
attention,  discussion,  and  deliberation  on  the  part  of  the  members. 

Professor  Kennedy  had  also  propounded  a  most  interesting  theory 
as  to  the  increased  strength  of  the  material  after  it  had  been  punched 
or  drilled.  That  was  another  point  which  might  very  well  be 
discussed  by  the  members  present ;  and  it  appeared  to  him  that 
the  suggested  explanation  accounted  well  for  what  had  always  been 
an  obscure  problem. 

The  President  said  that,  as  to  permanent  set,  he  might  refer  the 
members  to  remarks  he  had  made  at  a  meeting  held  some  time 
since  (Proceedings  1878,  p.  256),  when  he  had  mentioned  that  in 
experiments  made  upon  iron  tie-rods  it  had  been  found  in  every  case 
that  the  set  took  place  much  earlier  than  had  been  generally 
supposed,  or  at  about  8  tons  per  sq.  in. 

Mr.  T.  W.  Traill  thought  that  the  valuable  paper  by  Professor 
Kennedy,  which  had  been  read,  deserved  very  full  discussion  and 
most  careful  attention  ;  and  he  regretted  that,  owing  to  the  short 
time  he  had  been  in  possession  of  it,  the  few  remarks  he  should 
make   would   not,  he   feared,   be   such   as   the   paper   merited.     In 
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the  first  place  lie  observed  that  Professor  Kennedy  said,  p.  207,  that 
within  certain  limits  no  difference  was  made  by  alterations  in  the 
width  of  the  specimens  tested.  That,  no  doubt,  was  the  result  of 
Professor  Kennedy's  own  observations ;  but  it  certainly  was  not  in 
accordance  with  other  experiments.  He  thought  it  very  desirable 
that  there  should  be  a  uniform  width  and  length  fixed  for  all  test 
pieces,  so  that  fair  and  reliable  comparisons  might  be  made.  He 
entirely  agreed  with  Professor  Kennedy  that  the  length  should  always 
be  stated  for  which  the  extension  was  given  ;  because  if  that  were 
not  known  the  results  would  be  useless,  in  fact  they  might  even  be 
misleading  and  mischievous.  Ten  inches  was  a  very  convenient 
length  for  many  reasons — if  for  no  other,  because  it  saved  trouble 
in  calculations — -and  he  thought  it  should  be  always  adhered  to. 

With  reference  to  the  elastic  limit,  he  certainly  thought  that  the 
point  where  uniform  extension  ended,  as  given  in  column  II., 
Table  III.,  was  more  satisfactory  than  the  point  at  which  the  metal 
broke  down  :  while  if  it  was  a  very  hard  material  the  two  would  be 
coincident.  He  thought  however  that  engineers  need  not  alarm 
themselves  on  account  of  the  permanent  set  that  took  place  in  mild 
steel,  as  it  had  been  found  that  at  the  same  proportion  of  the 
ultimate  stress  it  was  not  greater  than  with  good  iron  ;  and  the 
tensile  strength  of  mild  steel  was  well  known  to  be  greatly  above 
that  of  iron. 

Professor  Kennedy  had  made  some  interesting  experiments  with 
regard  to  the  shearing  strength  of  single  rivets  ;  but  however 
scientific,  and  however  valuable  or  interesting,  they  might  be,  the 
results  were  not  the  same  as  those  that  had  been  obtained  in 
practice :  as  his  own  experiments  on  riveted  joints  had  in  fact  shown. 
The  results  obtained  with  the  shearing  apparatus  were  much  higher 
than  those  given  in  actual  joints :  and  he  thought  it  was  worthy  of 
notice  that  the  shearing  strength  of  rivets  in  practice  was  much  less 
than  was  commonly  supposed :  their  shearing  strength  was  usually 
supposed  to  correspond  to  a  much  higher  percentage  of  the  tensile 
strength  than  was  really  the  case. 

It  was  stated  on  p.  216  that  the  mean  diameter  of  the  rivet  holes 
had  been  taken  in  calculating  the  amount  of  metal  removed,  instead 
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of  taking  the  smaller  diameter  of  tlie  hole.  He  thought  that  was 
hardly  a  desirable  practice,  and  that  a  wrong  impression  might  be 
formed  from  it.  It  was  not  only  the  strength  of  the  net  section 
that  was  wanted ;  it  was  the  strength  of  the  gross  section  of  the 
joint,  and  the  strength  per  inch  run.  Perhaps  Professor  Kennedy 
would  allow  him  to  suggest  that  when  reprinting  the  paper  it  would 
be  a  great  boon  if  he  would  add  other  columns  to  his  Tables,  giving 
the  tensile  strength  per  sq.  in.  of  the  individual  plates  which  formed 
each  joint,  and  the  actual  strength  of  the  joint  as  compared  with  the 
calculated  strength.  These  he  thought  would  be  found  very  useful 
to  readers,  in  place  of  their  having  to  make  such  calculations 
themselves.  He  hoped  Professor  Kennedy  would  continue  these 
experiments  for  the  Institution,  going  on  with  double  lap-joints  and 
double  butt-joints  after  he  had  finished  with  single  lap-joints. 

Mr.  E.  C.  Longeidge  said  the  first  thing  that  occurred  to  him 
in  reading  Professor  Kennedy's  paper  was  the  very  high  proportional 
strength  of  the  joint  No.  657-2,  namely  63-7  per  cent.  (Table  XXIII.). 
Speaking  from  memory,  he  believed  that  was  the  strongest  single- 
riveted  lap-joint  which  had  been  tested,  either  in  iron  or  in  steel.  He 
was  not  altogether  surprised  at  that  result,  because  he  believed  it  was 
greatly  due  to  the  large  size  of  the  rivets.  He  was  already  aware  that 
by  using  larger  rivets,  even  when  the  net  sectional  area  of  the  plate  was 
reduced,  a  stronger  joint  might  be  obtained.  Another  point,  which 
had  already  been  alluded  to,  was  the  relation  between  the  proportions 
laid  down  in  the  paper  and  those  met  with  in  practice.  Mr.  Boyd 
had  spoken  of  the  results  as  rather  confirming  practice,  but  he 
hardly  agreed  with  that  view.     Taking  the  formula  given  in  p.  229, 

.  it  would  be  found  that  for  -\  in.  plates  the  holes  would  be  1}  in. 
diameter,  and  2^  J,  in.  pitch.  In  practice  he  was  not  aware  that  they 
had  anything  like  that.  In  Mr.  Tweddell's  statement,  the  nearest  he 
could  find  for  ^  in.  plates  was,  diameter  of  rivet  ^|  in.,  pitch  2T5g-  in. 
Before  seeing  Mr.  Tweddell's  Table,  he  had  intended  to  say  that 
he  did  not  think  in  ordinary  boiler-making  practice  they  met  with  a 
larger  diameter  for  i  in.  single-riveted  joints  than  f-  in.,  nor  a  wider 

pitch  than  about  3  in. ;  while  according  to  Mr.  Tweddell's  Table, 
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p.  294,  with  },  in.  plates  and  J-j  in.  diameter  rivets,  the  widest  pitch 
was  only  2^  in.  He  did  not  think  that  he  had  ever  himself  seen  a 
larger  diameter  than  |  in.  for  ^  in.  plates. 

The  President  pointed  out  that  Mr.  Tweddell's  Table  referred 
entirely  to  iron,  whereas  Professor  Kennedy's  experiments  were  all  in 
steel. 

Mr.  Longridge  said  that  certainly  made  a  considerable  difference. 
There  was  another  point  which  had  struck  him  as  really  the  most 
remarkable  part  of  the  paper,  namely  what  Professor  Kennedy  called 
the  increase  of  strength  due  to  the  perforation  of  the  plates.     He 
happened  to  be  acquainted  with  the  particulars  of  a  long  series  of 
experiments  made  with  specimens  of  solid  plates,  of  perforated  plates, 
and  of  riveted  joints;  and  in  every  single  instance — whether  the  plates 
were  annealed  or  unannealed,    whether  the   holes    were  drilled   or 
punched,  whatever  was  the  arrangement  of  the  holes  as  to  pitch,  and 
whether  the  joints  were  single  or  double  riveted — instead  of  there  being 
an  increase  of  strength  due  to  perforation,  there  was  an  absolute  loss. 
Those  experiments  however  were  with  iron  plates ;  and  the  results 
were  corroborated  by  a  series  of  experiments  made  by  Mr.  Kirkaldy 
on  iron  plates    made    at  Krupp's  works  and   at  various   Yorkshire 
works.    In  most  of  them  there  was  an  absolute  decrease,  instead  of  an 
increase,  of  strength  due  to  perforation  ;  but  in  a  few  of  them,  in  which 
the  holes  were  drilled,  he  believed  there  was  an  increase,  though  only 
a  slight  one,  nothing  like   so  much  as   stated   in  the  paper.     Mr. 
Kirkaldy,  in   his    remarks    on   the   experiments,    observed,    and   he 
himself  believed   correctly,  that  this  was  due  not  so   much  to  any 
different   effect   of  punching    and  drilling,  as  to  a  difference  in  the 
quality  of  the  material  used.     Therefore  he  had  no  doubt  that  the 
fact  of  the  plates  which  Professor  Kennedy  had  experimented  upon 
being  of  steel  was  sufficient  to  account  for  what  at  first  appeared  to 
be  very  remarkable. 

He  would  venture  rather  to  question  the  correctness  of  an 
expression  used  in  the  paper,  p.  216,  "  natural  tenacity,"  in  connection 
with    the    testing   of  an    unperforated    plate.      Afterwards   it  was 
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stated,  p.  217,  that  "  The  inevitable  consequence  is  that,  before  the 
material  breaks,  the  stress  on  it  is  not  uniform  (as  it  is  commonly 
assumed  to  be),  but  is  much  greater  at  the  centre  than  at  the  sides  ; " 
and  a  little  further  on  it  was  pointed  out  that,  consequently  upon  the 
perforation  of  the  plate,  there  was  a  more  uniform  stress  on  the 
section  torn.  Would  it  not  be  more  correct  to  speak  of  the  strength 
in  the  latter  case  as  the  natural  tenacity  of  the  plate?  That  was  a 
point  which  Mr.  Kirkaldy  had  referred  to  in  his  "Experiments  on 
the  strength  of  Wrought  Iron  and  Steel,"  where  he  laid  considerable 
stress  on  the  reduction  in  sectional  area  after  fracture. 

The  President  observed  that  Mr.  Kirkaldy  generally  gave  in  his 
Tables  the  reduced  area  of  section  at  the  point  of  fracture ;  and  in 
some  quarters  there  had  been  a  practice  of  gauging  the  degree  of 
ductility  by  that  reduction  of  area ;  but  that  was  rather  a  vexed 
question.  Many  persons  considered  that  when  the  bar  was  drawn 
out  small  at  the  last  moment,  and  a  "  waist "  made  to  it,  the  strength 
was  already  gone,  and  that  this  therefore  was  not  a  good  criterion. 

Mr.  Longridge  thought  at  any  rate  the  perforation  of  the  plate 
seemed  to  equalise  the  intensity  of  the  strain  on  the  different  parts  ; 
and  therefore  it  appeared  to  him  that  it  might  be  more  correct  to 
speak  of  the  "  natural  tenacity "  of  the  plate  in  that  case  than  in 
the  case  where  Professor  Kennedy  spoke  of  it,  namely  in  the  testing 
of  an  unperforated  plate. 

Mr.  W.  Schonheyder  considered  the  method  adopted  by  Professor 
Kennedy  in  testing  rivets  for  shearing  was  very  ingenious,  but  it 
appeared  to  him  to  be  open  to  a  certain  amount  of  doubt  as  to 
the  results  obtained ;  because,  in  shearing  a  rivet,  as  soon  as  a 
considerable  stress  was  applied  by  the  shearing  dies  BB,  Fig.  3, 
Plate  30,  the  rivet  would  be  distorted,  would  elongate  to  a  small 
extent,  and  the  dies  would  be  forced  asunder.  That  must  cause  a 
certain  amount  of  friction  in  the  chamber  C,  which  would  make  the 
shearing  resistance  appear  greater  than  it  ought  to  be.  Professor 
Kennedy  would  no  doubt  say  whether  he  had  found  any  considerable 
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friction  to  exist  in  testing  the  shearing  of  a  rivet  in  that  manner. 
It  would  be  an  improvement  simply  to  hold  the  dies  together  by 
a  bolt,  instead  of  putting  them  into  a  chamber :  in  other  words,  to 
screw  the  ends  of  the  rivet  rod,  and  apply  nuts  to  prevent  the 
dies  from  separating.  There  would  not  then  be  the  friction  in  the 
chamber,  and  a  better  effect  would  be  produced. 

Mr.  W.  S.  Hall  said,  with  regard  to  the  coincidence  of  Professor 
Kennedy's  figures  and  those  of  ordinary  practice,  it  would  perhaps 
be  correct  to  say  that  they  were  tolerably  coincident  as  to  pitch, 
but  not  as  to  diameter.  Taking  the  diameter  as  2-25  x  the 
thickness  of  the  plate,  and  multiplying  that  again  by  2*25  for  the 
pitch,  they  would  get  something  near  the  average  proportion  of  pitch 
used  in  practice  for  single-riveted  joints ;  but  there  would  be  a  much 
larger  diameter  of  rivet  than  was  usually  employed.  He  also  thought 
that,  when  the  experiments  were  carried  on  to  double-riveted  joints,  it 
would  be  found  that  there  was  a  much  wider  discrepancy  between  the 
figures  for  the  strongest  possible  joint  and  those  of  actual  practice. 
His  experience  of  double-riveted  joints  was  that  as  a  rule  too  many 
rivets  were  put  in  them. 

With  reference  to  another  point,  it  was  absolutely  necessary  in 
practice  to  allow  for  the  weakening  of  the  joint  by  corrosion,  as 
suggested  in  Baron  Clauzel's  paper,  p.  201.  Out  of  upwards  of  200 
cases  of  repairs  to  boilers,  which  he  had  personally  superintended 
and  examined,  in  all  but  one  (which  was  in  every  way  exceptional) 
he  had  found  that  the  joint  had  failed  through  tearing  or  ripping 
of  the  plate,  generally  along  the  seam,  but  sometimes  from  the  rivet 
hole  to  the  edge.  He  therefore  thought  it  was  necessary  to  give 
an  excess  of  strength  to  the  plate,  rather  than  to  the  rivet.  Moreover 
it  was  easy  to  replace  a  rivet,  if  the  rivet-head  dropped  off  or  anything 
of  that  sort  happened ;  but  it  was  not  so  easy  to  replace  a  plate  when 
it  was  cracked  through  one  or  two  holes. 

Mr.  Jeremiah  Head  wished  to  add  his  individual  testimony  to  the 
great  value  of  the  two  papers,  although,  on  account  of  their  length  and 
the  large  number  of  calculations  in  them,  it  was  only  possible  to  catch 
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as  it  were  a  few  points  for  discussion.  The  President  had  referred  to  a 
previous  discussion  when  he  had  mentioned  the  point  at  which  iron 
began  to  give  way  as  being  about  8  tons  per  sq.  in.,  just  about  the 
same  as  in  the  case  of  Professor  Kennedy's  experiments.  He  believed 
the  President  had  added  that  it  was  iron  of  a  very  soft  character. 

The  President  said  it  was  not  particularly  so. 

Mr.  Head  said  the  President  would  at  least  admit  that  the  harder 
qualities  of  iron  would  stand  higher  strains  before  set  began.  The 
experience  he  had  himself  had  was  mainly  with  North-country  iron, 
which  was  of  a  harder  character ;  and  that  would  certainly  stand 
11  or  12  tons  per  sq.  in.  without  beginning  to  give  way,  and  in  many 
cases  much  more.  But  no  doubt  it  was  undesirable  that  iron  should 
be  so  hard  as  not  to  begin  to  give  way  at  something  like  10  or  11  tons. 
In  the  case  of  mild  steel  great  efforts  had  been  made  to  make  it  soft,  in 
order  that  the  range,  from  its  beginning  to  give  way  up  to  its  final  giving 
way,  should  be  as  long  as  possible.  But  perhaps  that  also  might  be 
overdone,  because  engineers  did  not  want  their  structures,  whether  of 
iron  or  steel,  to  begin  to  give  way  at  too  early  a  period ;  but  to  be 
able  to  rely  upon  their  remaining  stiff  and  strong  up  to  a  certain 
known  point. 

With  regard  to  riveted  joints,  it  should  not  be  forgotten  that 
the  papers  were  dealing  with  joints  which  had  been  tested  as  straight 
lines  in  a  testing  machine  :  whereas  in  a  large  number  of  constructions, 
as  in  the  case  of  ship-building  and  boiler-making,  the  plates  were 
curved.  Now  it  had  been  truly  said  that,  make  the  best  joint  they 
possibly  could,  still  a  solid  plate  was  stronger  than  any  joint;  it 
therefore  behoved  them  to  take  the  greatest  possible  care  to  make  their 
joints  as  strong  as  possible,  and  to  see  that  every  part  of  them  was 
sound.  In  a  previous  discussion  (Proceedings  1878,  p.  582)  he  had 
called  attention  to  the  effect  of  punching  rows  of  holes  along  the  edge 
of  a  plate,  and  afterwards  bending  the  plate  cold.  Now  he  was  not 
quite  sure  whether  in  the  case  of  very  mild  steel  that  mattered  much 
or  not ;  but  he  was  quite  certain  that  it  did  matter  in  the  case  of 
iron,  especially  if  the  bending  were  across  the  grain,  and  if,  instead 
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of  single-riveted  joints,  double  riveting  and  especially  triple  riveting 
were  used.     If  there  were  three  rows  of  holes,  as  in  the  case  of  the 
boiler  that  had  been  referred  to  in  the  Livadia,  the  third  row  gave  a 
great  additional  leverage  for  the  rolls  to  act  with ;  and  certainly  the 
plate  would  prefer  to  bend  sharp  at  that  row,  rather  than  to  bend  equally 
throughout  the  part  between  the  rolls.      He  had  frequently  seen  in 
boiler-makers'  works  about  the  country,  making  small  upright  boilers 
where  the  grain  of  the  plate  ran  vertically,  that,  if  they  were  double- 
riveted  and  bent  cold  after  punching,  there  was  a  sharp  bend  to  be 
observed  in  both  plates  along  the  inside  row  of  rivets,  which  was 
certainly  very  bad.     In  such  a  case,  where  a  boiler-maker  supposed  he 
was  getting  extra  strength  by  a  double  row  of  rivets,  he  was  really 
making  that  part  a  very  weak  place  in  the  boiler.      But  that  was  not 
the    whole   question.     The   effect    of  bending   after   punching    was 
suddenly  to  increase  the  curvature  at  each  line  of  rivets ;  and  when 
the  plate  came  to  be  brought  round  into  a  circle  for  a  small  boiler,  it 
was  evident  that  the  two  ends  would  come  into  the  position  shown 
(on  an  exaggerated  scale  of  course)  in  Fig.  19,  Plate  32.     Then,  since 
this  joint  had  to  be  riveted  together,  the  edges  had  to  be  knocked  back 
by  some  means  or  other,  and  very  likely  in  a  country  shop  that  would 
be  done  rather  roughly ;  and  that  gave  a  still  worse  chance  to  those  two 
points.    He  thought  that  engineers  ought  not  to  forget  that  weak  point, 
not  only  in  boilers,  but  also  in  ships.    In  the  thick  plates,  f  in.  or  §  in. 
thick,  which  were  about  the  bilge  strake,  all  the  holes  were  usually 
punched   before  any  bending  was  done ;    then   the  plates  were  put 
through  the  bending  rolls,  and  often  they  nearly  broke  through  in 
that  place.     Of  course  the  argument  of  the  ship-builder  was  that  if 
the  plates  would  not  stand  that  bending  they  were  bad.     He  did  not 
know  that  that  was  necessarily  correct ;  but  in  any  case  he  believed 
that  plates  were  often  thus  injured,  without  any  actual  crack  being 
seen.     They  apparently  stood  the  test,  and  they  were  put  into  the 
ship ;  but  they  were  weak  at  that  point,  and  that   wras   the  point 
where  they  would  finally  give  way. 

Mr.  W.  John  wished  to  know  if  Professor  Kennedy  could  give  any 
curve  for  iron,  showing  the  extensions  with  different  stresses,  similar 
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to  the  one  ho  had  given  in  Fig.  1,  Plate  30,  for  steel.  He  thought  it 
would  he  found  to  he  somewhat  analogous.  Some  time  ago,  in  trying  to 
verify,  for  some  calculations  he  was  making,  the  modulus  of  elasticity, 
and  analysing  some  of  the  results  of  tests,  where  the  extension  was 
given  for  different  stresses,  he  found  that  the  smaller  extensions 
gave  quite  a  different  modulus  of  elasticity  from  what  he  got  higher 
up  the  scale.  For  instance,  taking  the  stretch  at  5  tons  per  sq.  in., 
he  found  a  modulus  of  elasticity  different  from  what  he  got  by  taking 
the  corresponding  stretch  at  3  or  7  or  10  tons  ;  and  to  such  an 
extent  was  this  difference  impressed  on  his  mind  that  he  could  not 
help  thinking  the  modulus  of  elasticity,  in  dealing  with  structures, 
might  have  to  he  considered  not  as  a  constant,  hut  as  some  function 
of  the  stress  applied.  The  experiments  conducted  under  the  Research 
Committee  by  Professor  Kennedy  had  been,  as  he  understood,  entirely 
with  steel ;  but  perhaj)s  Professor  Kennedy,  in  the  ordinary  course  of 
his  investigations,  might  have  experimented  similarly  upon  iron ; 
and  he  was  sure  it  would  be  very  valuable  both  to  that  meeting  and 
to  the  whole  profession  if  they  could  get  from  him  information 
on  the  point  he  had  mentioned. 

Another  point  to  which  he  should  like  to  refer  was  the  effect  of 
punching  steel  plates.  Professor  Kennedy's  tests  were  all  on  £  in. 
or  -|  in.  plates.  He  had  himself  both  seen  and  made  many  experiments 
in  this  direction,  and  had  found  this  very  remarkable  fact :  that 
while  punching  had  very  little  effect  uj)on  thin  plates,  it  caused  a 
great  loss  of  strength  in  thick  plates ;  in  fact  he  had  observed  a 
loss  of  over  30  per  cent,  in  experiments  most  carefully  prepared, 
some  with  small  and  some  with  large  specimens,  and  with  widths  of 
7  or  8  in.  of  plate,  having  a  couple  of  holes  punched  in  them. 
Hence  he  thought  that  the  conclusions  drawn  by  Professor  Kennedy 
as  to  the  small  injury  done  to  steel  by  punching  might  be  somewhat 
too  favourable ;  and  that  if  he  continued  these  experiments  with 
thicker  plates,  he  would  find  it  almost  impossible  to  get  results 
showing  so  little  loss  due  to  punching  as  was  stated  in  his  paper. 
The  explanation  given  by  Professor  Kennedy  of  the  results  he  had 
obtained  was,  he  thought,  very  reasonable  and  very  correct. 
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He  was  not  sure  whether  the  experiments  described  in  the  paper  had 
gone  sufficiently  far  to  justify  a  general  deduction  that  there  was  not 
much  difference  between  testing  a  narrow  strip  and  a  wide  plate.  His 
own  experiments  rather  tended  to  show  that  wide  strips,  especially 
with  thin  plates,  were  not  so  reliable  as  narrower  ones.  He  thought 
they  should  be  cautious  in  concluding  that  strips  fairly  represented 
plates  under  strain  for  all  cases,  so  that  a  broad  plate  would  break  at 
the  centre,  and  when  the  two  parts  were  put  together  the  edges  would 
meet  but  not  the  centre,  as  stated  in  the  paper,  p.  217.  And  there 
was  another  peculiarity  to  be  considered,  which  everybody  must  have 
noticed  who  had  had  experience  in  testing :  namely  that  at  the  centre 
of  the  fracture  the  reduction  in  area  was  chiefly  in  thickness,  the  plate 
being  drawn  down  thinner  ;  whereas  towards  the  edges,  where  the 
plate  was  free  to  contract  in  the  other  direction  also,  the  contraction 
generally  took  place  from  the  edges  inwards,  and  the  plate  became 
narrower  instead  of  thinner.  Thus  the  contraction  going  on  in  a 
strip  was  almost  entirely  different  towards  the  edges  and  towards  the 
centre ;  and  it  would  thus  be  seen  there  was  room  for  much  difference 
in  behaviour  between  a  narrow  strip  and  a  broad  plate. 

Mr.  Druitt  Halpin  said  he  had  lately  seen  some  experiments 
made  in  testing  steel  bars,  which  might  prove  interesting  to  the 
meeting.  The  bars  were  about  1  in.  in  diameter  by  10  in.  long. 
The  machine  in  which  they  were  tested  was  made  to  record  a  perfect 
diagram  of  the  stress  acting,  as  well  as  of  the  amount  the  test-piece 
had  elongated,  at  every  moment  during  which  the  experiment  was 
being  carried  out.  The  load  was  applied  by  means  of  hydraulic 
pressure  generated  in  a  differential  accumulator,  the  original  pressure 
for  working  the  machine  being  derived  from  the  water  pressure  in 
the  town  mains.  Owing  to  the  use  of  this  arrangement,  it  was 
possible  to  make  a  test  either  in  one  or  two  seconds,  or  as  slowly  as 
might  be  desired ;  and  it  was  interesting  to  note  the  fact  that  no 
difference  could  be  detected  in  the  diagrams  obtained,  whether  the 
test  was  performed  with  the  greatest  possible  rapidity,  or  in  a  more 
gradual  manner.  The  counterbalance  used  for  measuring  the  load 
applied  was  fixed  on  a  bell-crank  differential  lever,  so  that  it  was 
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evidently  perfectly  self-adjusting — a  matter  of  the  greatest  possible 
consequence,  as  it  was  in  his  opinion  quite  impossible  to  determine 
correctly  cither  the  limit  of  elasticity  or  the  actual  breaking  load  in 
any  kind  of  machine  of  the  ordinary  construction,  in  which  the 
weight  on  the  lever  had  to  be  tentatively  moved  backwards  and 
forwards  by  hand,  to  enable  the  lever  to  "  float,"  and  to  put  the  load 
and  resistance  temporarily  in  equilibrium.  By  the  use  of  this 
machine  a  very  interesting  fact  was  ascertained,  which  to  himself  at 
least  was  new  :  namely  that  the  actual  stress  on  the  test-piece,  at  the 
moment  when  rupture  took  place,  was  always  considerably  below  even 
the  limit  of  elasticity.  When  this  limit  was  passed,  the  curve  of 
resistance  on  the  diagram  rose  irregularly  to  a  maximum;  then 
dropped  in  the  same  way  to  a  point  lower  than  that  corresponding  to 
the  elastic  limit ;  and  then  fell  vertically,  indicating  actual  rupture. 
The  explanation  of  the  fact  that  rupture  took  place  at  a  load  much 
less  than  the  maximum  load  which  had  been  applied  must  be,  he 
thought,  that,  after  the  limit  of  elasticity  had  been  passed,  the  fibres 
of  the  material  where  it  was  fibrous,  or  the  molecules  in  the  case  of 
steel,  were  so  distressed,  that  they  were  unable  any  longer  to  offer 
sufficient  resistance  to  the  counterbalance,  as  to  prevent  it  from 
travelling  downwards  at  a  greater  speed  than  that  at  which  it  could 
be  balanced  by  the  hydraulic  load  transmitted  through  the  test-piece. 

Mr.  Lavlngton  E.  Fletcher  had  but  little  to  add  to  the  very 
elaborate  papers  that  had  been  read ;  but  would  offer  a  contribution 
on  a  point  of  some  interest,  bearing  on  the  subject  indirectly  rather 
than  directly. 

Some  time  ago  the  Manchester  Steam  Users'  Association  had  a 
boiler  constructed  for  the  purpose  of  subjecting  it  to  a  series  of 
experimental  hydraulic  bursting  tests.  They  made  nine  such  tests, 
repairing  each  rent  as  it  occurred,  and  then  bursting  the  boiler 
again.  In  repairing  the  boiler  for  the  last  test  the  greater  part  of 
the  outer  shell  was  replated.  These  experimental  bursting  tests  gave 
some  useful  practical  results,  which  it  might  be  of  interest  to  refer 
to  on  the  present  occasion. 
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The  boiler  was  21  ft.  long,  and  had  a  diameter  in  the  shell  of 
7  ft.,  and  in  the  furnace  tubes  of  2  ft.  9  in. ;  while  both  the  shell  and 
the  furnace  tubes  were  composed  of  seven  rings  of  plating  about  3  ft. 
wide.  The  plates  were  of  iron,  of  Snedshill  Best  Best  brand,  and 
measured  y7^  in.  thick  in  the  cylindrical  portion  of  the  shell,  §  in. 
in  the  tubes,  and  i  in.  in  the  flat  ends.  The  longitudinal  joints  in 
the  shell  were  double-riveted  throughout  in  the  first  instance ;  but 
subsequently  one  plate  with  single-riveted  joints  was  introduced,  to 
afford  the  means  of  comparison.  All  the  transverse  joints  were 
single-riveted,  while  the  holes  in  the  shell  were  punched,  both  in  the 
single  and  in  the  double-riveted  seams. 

Under  the  hydraulic  test  the  boiler  burst  at  the  double-riveted 
longitudinal  seams,  at  a  pressure  of  300  lbs.  per  sq.  in.  when  hand- 
riveted,  and  310  lbs.  when  machine-riveted ;  while  at  the  single- 
riveted  seam  it  burst  at  a  pressure  of  275  lbs.  per  sq.  in.,  this  seam 
being  machine-riveted. 

After  the  hydraulic  burstings  were  completed,  double-riveted  and 
single-riveted  sample  strip  joints,  corresponding  as  nearly  as  might 
be  with  those  in  the  boiler,  and  made  of  plates  cut  therefrom,  were 
sent  to  Mr.  Kirkaldy  to  be  tested  in  the  ordinary  way,  in  order  to 
afford  the  means  of  comparing  the  results  obtained  by  pulling  the 
joints  asunder  in  a  testing  machine  with  those  obtained  by  bursting 
them  in  an  actual  boiler  by  hydraulic  pressure.  Also  some  plain  strips 
cut  from  the  boiler  were  tested,  to  show  the  tenacity  of  the  plates. 

The  machine  tests  gave  the  following  results.  Sixteen  test  strips 
each  2  in.  wide  tore  asunder,  when  pulled  in  the  direction  of  the  fibre, 
at  a  mean  load  of  20'6  tons  per  sq.  in.  of  original  sectional  area,  and 
23*79  tons  per  sq.  in.  of  fractured  area.  "When  pulled  across  the 
fibre  they  tore  asunder  under  a  mean  load  of  19*41  tons  per  sq.  in. 
of  original  area,  and  21  *  64  tons  per  sq.  in.  of  fractured  area.  The 
mean  extension  on  a  length  of  10  in.  in  the  direction  of  the  fibre  was 
7  •  4  per  cent.,  and  across  the  fibre  5  *  9  per  cent.  Two  double-riveted 
sample  strip  joints  strained  in  the  direction  of  the  fibre,  and 
measuring  12^  in.  in  width,  with  the  rivets  placed  zigzag,  were 
found  to  have  a  strength  of  53  *  84  per  cent,  of  the  solid  plate ;  while 
two  single-riveted  sample  strip  joints,  also  strained  in  the  direction 
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of  the  fibre,  and  measuring  12  in.  in  width,  were  found  to  have  a 
strength  of  41-02  per  cent,  of  the  solid  plate. 

It  was  interesting  to  compare  the  results  of  the  hydraulic 
burstings  of  the  actual  boiler  with  the  machine  tests.  On  calculation 
it  was  found  that  the  metal  between  the  rivets  in  the  boiler  bore  as 
nearly  as  might  be  20  tons  per  sq.  in.  at  the  moment  of  bursting  ; 
while  the  test  strips,  as  already  stated,  broke  at  20*6  tons  per  sq.  in., 
calculated  on  the  original  area.  The  strength  of  the  double-riveted 
seams  in  the  actual  boiler  was  64-72  per  cent,  of  the  solid  plate,  and 
of  the  single-riveted  seam  57-11  per  cent. ;  while  the  strength  of  the 
double-riveted  sample  strip  joints  in  the  testing  machine  was  53  ■  84 
per  cent,  of  the  solid  plate,  and  of  the  single-riveted  joint  41  ■  02  per 
cent.,  the  joints  being  machine-riveted  in  each  case.  Thus  the 
double-riveted  joint  attained  a  higher  breaking  strain  by  20  per  cent., 
and  the  single-riveted  joint  by  40  per  cent.,  when  burst  in  the  boiler 
by  hydraulic  pressure,  than  when  pulled  asunder  in  a  testing  machine. 
Possibly  however  some  allowance  should  be  made  for  the  fact  that 
only  one  plate  single-riveted  was  introduced  at  the  longitudinal  seams, 
all  the  others  in  the  cylindrical  portion  of  the  shell  being  double- 
riveted. 

There  had  lately  been  a  discussion  as  to  the  correctness  of  Sir 
William  Fairbairn's  estimate  of  56  per  cent,  for  the  strength  of  a 
single-riveted  lap  joint,  as  compared  with  the  solid  plate ;  but  the 
results  of  these  hydraulic  boiler  burstings  appeared  to  agree  with 
that  estimate  of  Sir  William  Fairbairn's  very  closely. 

The  fact  that  these  hydraulic  tests  showed  that  the  strength  of 
the  seams  of  rivets  in  the  actual  boiler  very  much  exceeded  that  of 
the  sample  strip  joints  in  the  testing  machine,  seemed  to  him  to  be 
important,  and  to  be  worthy  of  further  investigation.  It  was  generally 
assumed  that  the  results  obtained  by  tearing  riveted  joints  asunder  in 
a  testing  machine  represented  the  strength  of  the  joints  in  a  boiler. 
These  experimental  boiler  burstings  however  had  shown  that  such 
was  not  the  case,  but  that  a  boiler  was  stronger  than  it  had  generally 
been  assumed  to  be,  from  the  results  of  experiments  on  riveted  joints 
conducted  with  a  testing  machine.  If  lap  joints  which  had  been 
strained  in  a  testing  machine  were  examined,  it  would  be  seen  that 
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the  plates  were  curled  up  at  tlie  ends.  The  plates  were  subjected 
to  a  cross-breaking  action.  They  were  not  fairly  torn,  but  were 
broken  in  detail  little  by  little,  commencing  at  the  skin  of  the  convex 
or  outer  side  of  the  bend.  In  the  boiler,  the  double  thickness  of 
metal  formed  by  the  overlap  of  the  transverse  seams  acted  as  so  many 
stiffening  rings,  and  prevented  the  distortion  of  the  seams,  somewhat  as 
encircling  hoops  stiffened  a  flue  tube  and  prevented  collapse.  In  this 
way  the  joints  were  kept  up  to  their  work,  until  they  were  fairly  pulled 
asunder.  One  or  two  engineers  to  whom  he  had  mentioned  these 
facts  rather  doubted  the  correctness  of  the  view,  and  thought  that  as 
these  hydraulic  bursting  tests  had  been  applied  only  to  a  single 
boiler  they  required  repetition  to  afford  them  confirmation.  Under 
these  circumstances,  as  the  Institution  of  Mechanical  Engineers  had 
begun  to  investigate  the  strength  of  riveted  joints,  it  appeared  to 
him  desirable  that  they  should  follow  it  up  by  making  some  further 
hydraulic  bursting  tests  of  actual  boilers  ;  and  he  would  recommend 
this  subject  to  the  consideration  of  the  Council. 

It  had  been  questioned  by  a  previous  speaker  whether  punching  a 
hole  in  a  plate  really  did  strengthen  it.  Some  plates  12  in.  wide, 
tested  by  Mr.  Kirkaldy  for  the  Manchester  Steam  Users'  Association, 
were  perforated  with  a  row  of  punched  holes  running  across  them,  the 
bolster  being  about  -^  in.  larger  in  diameter  than  the  punch.  These 
were  certainly  found  to  attain  a  higher  breaking  strain  than  the  plain 
2-in.  test  strips :  of  course  he  did  not  mean  in  the  gross,  but  pro  rata. 

"With  regard  to  the  pitch  of  rivets,  he  thought  boiler-makers  were 
often  wrong  in  putting  them  so  close  together ;  they  wanted  to  make 
a  tight  boiler  under  test,  and  were  afraid  of  its  leaking.  Some  time 
ago  a  boiler  tested  with  hydraulic  pressure  by  the  Manchester  Steam 
Users'  Association,  having  a  diameter  of  6  ft.  G  in.,  and  made  of 
plates  only  f  in.  in  thickness,  was  found  to  be  quite  tight  at  120  lbs. 
per  sq.  in.,  though  the  rivets  were  pitched  as  much  as  3  in.  apart. 
Other  boilers  had  been  quite  tight  with  rivets  pitched  as  much  as  4  in. 
apart.* 

*  Four  marine  boilers,  8  ft.  6  in.  in  diameter  and  made  of  plates  9-16ths  in ' 
in  thickness,   were  found  to   stand  a   hydraulic    test   of  1G0  lbs.  per  sq.   in. 
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Referring  to  tlic  importance  of  making  boilers  truly  circular,  he 
stated  that  lie  had  lately  had  brought  under  his  notice  three  locomotive 
boiler  explosions,  in  which  the  primary  rent  had  occurred  just  at  the 
edge  of  the  inner  overlap,  in  one  of  the  longitudinal  seams  of  rivets 
in  the  barrel  of  the  boiler,  although  the  plates  were  of  Low  Moor 
iron  and  the  boilers  by  first-class  makers.  Engineers  were  familiar 
with  the  ordinary  groove  or  furrow,  from  which  several  locomotive 
boiler  explosions  had  occurred.  In  this  case  however  there  was  no 
furrow,  but  a  fine  hair  crack  lurking  under  the  edge  of  the  overlap. 
The  locomotive  superintendent,  to  get  at  the  bottom  cf  the  matter, 
cut  up  the  boiler  of  a  sister  engine  that  had  not  failed  ;  and  on  taking 
the  plates  out  and  bending  them  back  at  the  overlap,  he  found  they 
were  cracked  almost  through  to  the  skin  in  some  places,  although 
the  crack  was  so  fine  that  it  might  easily  have  escaped  detection.  In 
the  barrels  of  locomotives  he  recommended  that  the  longitudinal 
joints  should  be  made  with  double  butt-strips,  one  inside  and  the 
other  outside,  so  that  the  boiler  might  be  truly  cylindrical,  and  thus 
changes  of  shape  under  alternations  of  pressure  avoided,  and  grooving 
prevented. 

Mr.  W.  W.  Beaumont,  referring  to  the  diagram  of  extensions, 
Fig.  1,  Plate  30,  said  that  two  or  three  sj)eakers  seemed  to  be  afraid 
lest  the  early  appearance  of  set  indicated  that  it  would  be  necessary 
to  take  some  point  much  lower  than  the  ordinary  limit  of  elasticity, 
as  the  basis  to  go  upon  in  fixing  the  strength  of  any  particular 
structure.  But  on  observing  the  exceeding  minuteness  of  the  actual 
extensions,  instead  of  merely  glancing  at  the  magnified  diagram,  the 
scale  of  which  conveyed  at  first  sight  an  exaggerated  idea,  it  would  be 

satisfactorily,  nothing  beyond  a  few  unimportant  tear  drops  occurring  here  and 
there,  though  the  pitch  of  the  rivets  was  as  much  as  4*14  in.  In  this  case  the 
longitudinal  seams  were  double-riveted,  and  made  with  double  butt-strips  7-16ths 
in.  thick,  one  placed  inside  the  boiler  and  the  other  outside,  so  as  to  put  the 
rivets  in  double  shear.  The  diameter  of  the  rivets  was  15-1 6ths  in.,  the  pitch 
longitudinally  4  "14  in.,  as  already  stated,  and  diagonally  2J  in.,  so  that  one  row 
was  placed  1}|  hi.  behind  the  other;  the  holes  being  drilled,  and  the  riveting  done 
by  machine. 
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seen  that  really  the  set  was  so  very  small  up  to  the  limit  of  elasticity 
that  no  fear  need  arise  as  to  their  being  able  to  use  the  old  limit  of 
elasticity.  There  was  no  doubt  a  certain  amount  of  set  previous  to 
arriving  at  the  strain  which  produced  destructive  elongation ;  but 
it  was  very  small  indeed. 

Mr.  W.  Schonheyder  asked  if  Mr.  Fletcher  could  state  what  was 
the  least  distance  apart  from  centre  to  centre  of  the  two  rows  of 
rivets  in  the  joint  he  had  spoken  of,  which  was  quite  tight  with  a  3  in. 
pitch.  Of  course  this  depended  upon  what  was  the  actual  distance 
between  rivets  necessary  to  make  a  tight  joint :  when  measured 
diagonally  it  might  prove  to  be  as  little  as  2  in.,  and  that  would 
account  for  the  tightness. 

Mr.  Fletcher  replied  that  the  two  rows  of  rivets  were  1§  in.  apart, 
and  while  the  longitudinal  pitch  was  3  in.  the  diagonal  pitch  was 
1|  in.  He  thought  wider  pitches  and  larger  rivets  than  those 
generally  adopted  would  make  a  stronger  joint.  But  it  was  very 
difficult  to  get  boiler  makers  to  pitch  their  rivets  further  apart  in 
ordinary  land  practice  than  2^  in.  He  did  not  doubt  they  might 
exceed  this  pitch,  but  they  did  not  like  to  risk  it. 

Mr.  Jeremiah  Head  begged  permission  to  ask  Mr.  Fletcher  a 
question.  He  understood  him  to  say  that,  according  to  his  experience, 
ike  part  between  the  rivet-holes  was  actually  strengthened  by  the 
punching,  and  that  it  was  when  the  bolster  was  relatively  large  that 
the  increase  of  strength  occurred.  But,  referring  to  the  sketch, 
Plate  32,  Fig.  17,  suppose  P  to  be  the  punch,  L  the  part  of  a  plate 
being  punched  through,  R  the  burr  that  was  driven  out,  and  DD 
the  bolster  ;  then  if  the  hole  in  the  bolster  was  a  pretty  good  fit  with 
-the  punch,  the  burr  would  generally  be  found  to  come  through 
perfectly  sound,  provided  the  plate  was  of  anything  like  reasonable 
quality.  But  if  the  hole  in  the  bolster  was  much  larger  than  the 
punch,  as  in  Fig.  18,  then,  whatever  the  quality  of  the  plate,  the 
burr  would  be  bulged  out  as  shown,  and  cracked  on  the  lower  side, 
leaving  of  course  a  conical  hole  in  the  plate.     Now  if  the  hole  in  the 
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bolster  "was  a  good  fit,  and  the  punch  went  clean  through,  one  would 
expect  that  the  metal  on  the  surface  would  be  compressed  in  the 
first  instance,  and  forced  outwards  before  it  began  to  give  way ;  and 
therefore  that  there  would  be  some  increase  of  density  round  the 
hole.  But  if  it  was  a  wide  hole,  then  to  some  extent  the  metal  of  the 
burr  was  torn  out  sideways  all  round";  and  one  would  expect  that  if 
anything  the  metal  round  the  hole  would  be  rather  disturbed  and 
weakened  than  the  reverse.  Perhaps  Mr.  Fletcher  would  explain 
whether,  in  his  opinion,  it  was  really  the  large  hole  in  the  bolster 
that  produced  the  good  effect  on  the  strength  of  the  iron  left  between 
the  holes. 

Mr.  Fletcher  said  he  thought  the  cause  of  that  effect  had  been 
treated  of  in  the  paper.  He  might  state  however  that,  as  a  matter 
of  fact,  in  the  tests  conducted  by  Mr.  Kirkalcly  for  the  Manchester 
Steam  Users'  Association,  the  plates  perforated  with  a  row  of  punched 
holes  did  stand  more  pro  rata  than  those  not  perforated.  That  effect 
he  believed  to  be  due  to  the  fact  that  the  perforated  plate  tearing 
through  the  holes  did  not  stretch  as  much  as  the  plain  plate,  and  the 
contraction  of  area  at  the  line  of  fracture  was  thus  less  in  the 
perforated  plate  than  in  the  plain  one.* 

The  President  pointed  out  that  experiments  had  been  tried  with 
steel  plates  (p.  216),  both  with  large  bolsters  and  final],  and  there 
was  very  little  apparent  difference. 

Mr.  Charles  E.  Cowper  wished  to  know  whether  there  was  any 
difference  between  the  result  obtained  with  a  plate  having  straight 
sides  but  perforated  in  the  middle,  as  shown  in  Fig.  7,  Plate  31,  and 
one  with  hollows  in  the  sides  (produced  by  cutting  through  the 
centres  of  two   rivet   holes)  and   also  perforated  in  the  middle,  as 

*  The  following  are  the  particulars  of  the  tests  previously  referred  to  of  two 
punched  plates,  which  were  torn  asunder  in  a  testing  machine  along  the  lines  of 
fracture  shown  in  Figs.  8  and  9,  Plate  31.  The  holes  were  filled  with  dummy 
rivets,  so  that  they  might  be  as  nearly  as  possible  under  the  same  condition  as 
when  iu  the  joint  of  a  boiler. 
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shown  in  Fig.  6.  It  appeared  to  him  that  the  hollowing  out  of  the 
plate  at  the  sides  might  be  very  likely  to  give  a  different  result,  as  to 
the  proportion  of  strength.  Perhaps  Mr.  Fletcher  would  kindly  state 
whether  in  his  opinion  the  difference  between  the  two  arrangements 
was  of  any  importance,  and  if  so  which  was  the  fairer  way  of  testing 
a  plate,  in  order  to  represent  the  conditions  in  the  actual  boiler. 


For  sketch  of  test  strips,  see  Figs.  8  and  9, 
Plate  31. 


Quality  of  plates  . 

Size  of  plate 

Sectional    area  of  Plate,  gross, 
including  rivet  holes  . 

Sectional   area   of   Plate,    net, 
excluding  rivet  holes  . 

Ratio  of  net  to  gross  sectional ; 

Rivets,  diameter  and  pitch 

Rivet  holes,  punched  or  drilled 

Plates,  direction  of  grain 


i.e.\ 


Fig.  8. 


Fig.  9. 


Iron.  Iron. 

Jest  Snedshill  Best  Best  Snedshill 
12  in.  X  0--1G  in. 


12  in.  x  0-45  in. 
5*  40  sq.  ins. 

3-32  sq.  ins. 

62  per  cent. 

0  •  77  in.  and  2  in. 

Punched 

Lengthways 


5*52  sq.  ins. 

3-39  sq.  ins. 

62  per  cent. 

0*77  in.  and  2  in. 

Punched 

Lengthways 


Eesults. 
Total  ultimate  stress 

Ultimate  stress  per  sq.  in.  of  sectional  1 
area  of  plate,  gross       .  .  .  / 

Ultimate  stress  per  sq.  in.  of  sectional  "I 
area  of  plate,  net         .         .         .  J 

Ultimate  stress  per  sq.  in.  of  solid) 
plates,  as  deduced  from  test  strips) 
2  in. wide  .  .  .  .  .J 


Ratio  of  strength  of  gross  sectional 
area  to  strength  of  2  in.  test  strip 


nail 
•ips/ 


Lbs.  Tons. 

169,490  =  75-6 

31,385  =  14-0 

51,051  =  22-8 


Lbs.  Ions. 

182,410  =  81-4 

33,049  =  14-7 
53,808  =  24-0 


43,SG5 


Mean  23 '  4  tons 

19-6      I      45,154 
Mean  19  ■  9  tons 


20-2 


71  per  cent. 


73  per  cent. 


From  the  above  it  will  be  seen  that,  while  the  plain  test  strips  attained  a 
mean  breaking  strain  of  only  19  ■  9  tons  per  sq.  in.,  calculated  on  their  original 
sectional  area,  the  punched  plates  attained  a  mean  breaking  strain  of  23  ■  4  tons, 
being  3  ■  5  tons  in  excess,  equal  to  17 '  6  per  cent.  But  if  the  breaking  strain  of  the 
plain  test  strips  is  taken  on  their  fractured  area  instead  of  on  their  original  area, 
the  result  will  be  different :    their  strength  will  then  be  22  •  1  tons    instead  of 
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Mr.  Fletcher  said  he  should  expect  that  Fig.  G,  Plate  31,  which 
showed  a  specimen  with  the  sides  hollowed  out  so  as  to  narrow  the 
plate  down  to  a  waist  at  the  middle,  would  give  the  better  result.  In 
a  plain  strip  considerable  elongation  ensued,  and  thus  considerable 
reduction  of  area  at  the  point  of  fracture,  especially  if  the  plate  were 
ductile.  The  same  elongation  however  did  not  take  place  in  a  plate 
narrowed  down  to  a  waist;  the  fracture  in  such  shapes  ran,  under 
ordinary  circumstances,  through  the  smallest  section ;  and  as  the 
shape  of  the  metal  widened  out  on  each  side  of  the  waist,  its  greater 
section,  and  consequent  greater  strength,  supported  the  metal  at  the 
line  of  fracture,  and  thus  reduced  the  contraction  of  area  and  the 
consequent  loss  of  strength. 

The  President  on  referring  to  the  paper  (p.  218)  stated  that  the 
specimen  shown  in  Fig.  6,  Plate  31,  did  yield  a  higher  result  than 
Fig.  7,  as  Mr.  Fletcher  had  anticipated. 

Mr.  E.  H.  Willis  said  that,  in  conjunction  with  Professor  Kennedy, 
he  had  made  other  experiments  which  bore  a  little  on  that  point, 
though  they  were  not  immediately  in  connection  with  the  riveting 
experiments.  They  were  experiments  on  the  tenacity  of  screwed  bolts, 
which  were,  of  course,  of  a  form  somewhat  analogous  to  that  in  Fig.  6, 

19-9  tons,  so  that  the  excess  would  be  reduced  from  3' 5  to  1*3  tons  per  sq.  in.  ; 
while  there  is  no  doubt  this  difference  would  vary  in  a  number  of  specimens. 

The  effect  of  the  shape  of  a  specimen  upon  its  strength  is  treated  of  by 
Mr.  Kirkaldy  in  paragraph  171  of  his  "  Experiments  on  Wrought-Iron  and  Steel," 
where  he  says  :  "  It  will  be  observed  that  the  grooved  pieces  invariably  bore  the 

highest  comparative  strains,  and  also  that  they  invariably  contracted  least 

By  simply  changing  the  shape  of  the  specimens,  so  as  to  interpose  an  obstacle  to 
their  drawing  out,  a  much  higher  breaking  strain  was  obtained.''  Further  on, 
in  paragraph  197,  conclusion  48,  he  states :  "  The  breaking  strain  is  materially 
affected  by  the  shape  of  the  specimen.  Thus  the  amount  borne  was  much  less 
when  the  diameter  was  uniform  for  some  inches  of  the  length  than  when  confined 
to  a  small  portion — a  peculiarity  previously  unascertained  and  not  even 
suspected."  Mr.  Traill,  engineer  surveyor  in  chief  to  the  Board  of  Trade,  in 
his  most  elaborate  report  entitled  "  Experiments  on  Steel,"  also  refers  to  this 
subject  (see  page  14). 
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Plate  31,  since  the  section  had  its  diameter  reduced  at  intervals  by 
the  groove  of  the  thread.  The  elongation  being  thus  prevented,  it 
was  found,  on  breaking  the  bolts  in  the  thread,  that  the  tenacity  in 
the  case  of  iron  and  steel  bolts  was  much  greater  per  sq.  in.  of 
material  fractured  than  in  a  test  piece  which  could  extend  freely. 
This  increased  tenacity  would  appear  to  be  simply  due  to  the 
grooving,  and  the  consequent  prevention  of  flow  of  material. 

Professor  W.  C.  Unwin  being  unable  to  be  present,  the  following 
observations  received  from  him  were  then  read  by  the  Secretary,  by 
permission  of  the  meeting  : — 

"  The  first  point  of  importance  brought  out  in  these  experiments 
seems  to  be  that,  when  the  specimens  are  properly  designed,  and 
when  the  experiments  are  made  with  the  requisite  skill  and  care, 
the  size  of  the  sj)eciinens  has  very  little  influence  on  the  results. 
If  anyone  will  examine  the  older  experiments  on  punching  and 
drilling,  or  even  the  very  careful  experiments  of  M.  Barba,  he  will 
find  that  this  was  not  the  case  in  those  earlier  experiments.  When 
the  results  with  different  sized  specimens  are  not  uniform,  it  must 
be  inferred  that  either  the  mode  of  preparing  the  specimens,  or 
the  mode  of  testing  them,  must  have  injured  some  of  them.  The 
specimens  of  punched  and  drilled  plates  used  by  the  Committee 
differ  in  two  ways  from  most  if  not  all  specimens  previously  tried : — 

(1)  they  are  cut  from  a  wide  plate,  punched  or  drilled  previously ; 

(2)  they  are  so  cut  that  the  flow  of  the  metal,  after  the  elastic  limit 
is  passed,  is  similar  to  that  in  an  indefinitely  wide  plate. 

"  The  experiments  show  a  considerable  gain  of  strength  in  drilled 
plates,  and  a  less  gain  (but  still  a  distinct  gain)  in  punched  plates, 
when  compared  with  ordinary  test  bars.  This  kind  of  gain  of  strength 
was  first  noted  in  the  First  Report  of  the  Committee,  infra  p.  319,  and 
was  confirmed  by  Mr.  Adamson's  experiments  (p.  313)  made  while  that 
report  was  under  discussion.  A  gain  of  strength  of  a  similar  kind  had 
indeed"  been  noted  before  in  riveted  joints,  as  for  iu stance  in  Messrs. 
Greig  and  Eyth's  experiments ;  but  this  gain  of  strength  has  always 
hitherto  been  attributed  to  the  friction  of  the  riveted  joints. 
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"  In  tlio  First  Report,  p.  319,  some  weight  was  laid  on  the  gain  of 
strength  in  short  test  hars,  which  is  due  to  restricting  the  selection 
of  a  weak  section  by  the  testing  load  when  the  har  is  shortened. 
Professor  Kennedy,  I  think  quite  rightly,  rejects  this  as  an 
insufficient  explanation  of  the  gain  of  strength  observed  in  drilled 
and  punched  plates.  His  own  explanation  however  appears  to  me 
not  only  insufficient  but  incorrect.  He  observes  that  scribed  lines 
on  an  ordinary  test  bar  become  concave  to  the  fracture,  because 
the  flow  of  the  material  is  greatest  towards  the  edges  and  least  at  the 
centre  of  the  specimen.  He  infers  from  this  that  at  the  moment  of 
fracture  the  stress  is  not  uniform  on  the  section,  but  is  greater  at  the 
centre  than  at  the  sides.  In  the  drilled  specimens  the  flow  is  more 
uniform ;  the  scribed  lines  remain  more  nearly  parallel  to  the  section 
of  fracture  ;  and  hence  Professor  Kennedy  infers  that  the  stress  on 
the  section  of  fracture  is  more  uniform  than  in  an  ordinary  test  bar, 
and  the  mean  breaking  stress  greater. 

"  I  do  not  myself  believe  that  the  permanent  set  taken  by  the 
material  indicates  in  any  way  the  state  of  stress  at  the  moment  of 
fracture.  Certainly  there  is  no  proof  that  where  the  flow  is  great  the 
stress  is  small,  and  where  the  flow  is  small  the  stress  is  great.  So 
far  as  I  can  judge,  the  stress  is  likely  to  be  at  least  so  uniform  on  the 
section  of  fracture  of  an  ordinary  test  bar,  in  spite  of  the  different 
flow  of  different  parts,  as  to  make  Professor  Kennedy's  explanation 
seem  even  more  inadequate  than  the  previous  one  which  he  rejects. 

"  The  explanation  of  the  apparent  increase  of  strength  in  drilled 
plates  is  probably  extremely  simple.  The  comparatively  unstrained 
metal  behind  the  rivet  holes  prevents  the  flow  of  the  metal,  which 
occurs  in  test  specimens  of  ordinary  length.  The  consequence  of 
this  is  that  in  the  drilled  specimens  the  contraction  of  area  is  less 
than  in  ordinary  test  bars  ;  and  the  contraction  of  area  being  less,  there 
is  a  greater  strength.  I  have  found,  in  experimenting  with  india- 
rubber,  that  there  is  this  diminished  contraction  of  area  in  bars 
with  holes  in  them;  and  I  have  no  doubt  Professor  Kennedy  will 
find  it  is  also  the  case  with  the  specimens  tested  for  the  Committee. 
At  any  rate  the  contraction  of  area  of  these  specimens  should  be 
measured  if  possible. 
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"  As  to  bearing  pressure,  I  think  it  is  clear  that  the  old 
idea  that  a  high  bearing  pressure  caused  a  diminution  of  tenacity 
in  the  plates  receives  no  confirmation  in  these  experiments.  Some 
of  the  experiments  do  seem  to  show  that  the  bearing  pressure 
was  high  enough  to  injure  the  rivets ;  but  the  evidence  of  the 
experiments  on  this  point  is  very  contradictory.  It  is  of  course 
possible  that  the  bearing  pressure  may  have  been  high  enough  to 
deform  the  rivets,  diminishing  their  section  and  thus  decreasing 
their  strength.  If  so,  the  rivets  were  rather  too  soft.  Still  1  incline 
to  think  that  bearing  pressure  may  be  excluded  from  consideration  in 
future,  in  designing  riveted  joints." 

The  President  said  he  had  only  a  few  words  to  add  in  reference 
to  Professor  Kennedy's  excellent  paper.  He  quite  agreed  that  the 
set  in  the  plates  at  the  very  commencement  was  so  small  as  really  not 
to  be  at  all  alarming.  He  had  many  times  riveted  up  girders  and 
broken  them,  for  the  purpose  of  testing  their  ultimate  strength,  and 
whenever  that  had  been  done  there  had  always  been  a  slight  noise 
before  any  breaking  down  had  taken  place  or  any  rivet-head  had 
flown;  this  was  probably  owing  to  the  motion  of  the  angle-irons 
upon  the  plates,  or  the  rivets  giving  a  little  in  the  holes.  He  believed 
in  every  ductile  material  there  was  a  certain  amount  of  accommodation 
— a  slight  stretch  or  set — which  took  place  long  before  the  ultimate 
strength  was  arrived  at.  He  did  not  think  that  was  really  a  serious 
matter.  It  did  commence,  as  Professor  Kennedy  had  said,  very  early 
indeed ;  and  it  depended  very  much  upon  the  accuracy  or  delicacy  of 
the  instrument  employed,  how  soon  the  permanent  set  could  be 
registered.  He  had  before  described  (Proceedings  1878,  p.  256)  an 
"  Extensometer "  used  by  himself  which  would  measure  a  ten- 
thousandth  of  the  length  of  the  instrument ;  and  with  it  he  had 
ascertained  that  the  set  in  iron  bars  began  very  early. 

He  thought  it  very  likely  that  some  of  the  plates  in  boilers,  which 
had  given  way  at  the  seams  where  grooving  was  taking  place,  had 
been  injured  by  bending  in  the  manner  spoken  of  by  Mr.  Fletcher. 
A  mere  hair-crack  might  commence  the  injury  to  the  boiler  at  the 
seams,  which  of  course,  when  riveted  up,  tended  to  bend  under  the 
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ordinary  straining  of  the  boiler.  He  thought  such  a  crack  might 
often  have  given  rise,  at  all  events,  to  the  starting  of  the  grooving 
and  injury  to  the  boilers. 

With  regard  to  Mr.  Schunheyder's  remarks  as  to  friction  in 
the  shearing  apparatus,  Fig.  3,  Plate  30,  the  length  of  the  block 
B  was  4^  in.,  and  it  could  not  possibly  be  assumed  that  there 
was  more  than  a  quarter  of  an  inch  distance  between  the  two  centres 
of  pressure  in  the  two  blocks,  to  give  a  leverage  to  throw  them  out  of 
line  :  so  that  there  was  not  more  than  an  angle  of  1  in  18  to  cause  any 
side  pressure  against  the  chamber  ;  and  he  thought  that  the  amount 
of  friction  would  be  very  small.  Another  confirmation  of  the  fact 
that  there  was  not  much  jamming  was  that  the  blocks  were  easily 
knocked  by  a  light  hammer  out  of  the  chamber,  after  the  strain  was 
taken  off.  At  that  time  the  two  pieces  of  the  rivet  were  past  each 
other,  and  were  jammed,  if  ever  they  were  jammed,  to  the  full  extent. 

He  thought  the  Institution  ought  to  thank  Professor  Kennedy 
very  heartily  indeed  for  his  paper.  He  had  not  only  devoted  a 
very  large  portion  of  his  time  to  the  experiments,  but  he  had  also 
gone  down  to  Barrow  and  spent  several  days  there,  in  order  to 
satisfy  the  Committee  by  trying  a  number  of  experiments  on  large 
specimens,  so  that  there  should  be  no  question  at  all  as  to  the 
test-pieces  being  too  small  or  too  narrow.  He  had  there  used  the 
machine  which  Mr.  Smith  of  the  Barrow  Steel  Company  had  kindly 
placed  at  the  disposal  of  the  Committee — a  machine  that  would  test 
up  to  100  tons  with  facility.  Professor  Kennedy  had  previously 
given  them  the  free  and  entirely  gratuitous  use  of  his  proving 
machine  at  University  College.  This  was  an  excellent  machine,  and 
had  some  beautiful  arrangements  about  it  that  had  not  been  referred 
to  in  the  paper.  He  might  mention  one  of  them,  namely,  that  for 
measuring  the  extensions.  There  was  a  little  mirror  on  the  machine, 
connected  by  a  connecting-rod  with  the  piece  of  metal  to  be  tried,, 
and  turning  on  its  axis  as  the  extension  increased.  By  means  of 
a  telescope  fixed  upon  the  machine  the  reflection  of  a  scale  placed 
upon  the  ceiling  15  ft.  above  could  be  seen  in  the  mirror;  and  as  the 
mirror  tilted  by  the  piece  extending,  new  points  on  the  scale  came 
into  the  focus  of  the  telescope.     There  was  thus  an  imponderable 
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lever,  a  ray  of  light  15  ft.  long,  moving  against  the  ceiling  on 
a  scale,  so  that  very  small  extensions  could  be  seen,  down  to  a  ten- 
thousandth  part  of  an  inch.  He  had  himself  used  the  machine 
on  other  occasions,  but  he  was  glad  to  have  the  opportunity  of 
thanking  Professor  Kennedy  for  the  use  of  it  gratuitously  on  the 
present  occasion,  in  the  way  which  he  had  explained.  He  therefore 
begged  to  propose  a  very  hearty  vote  of  thanks  to  Professor  Kennedy 
for  his  very  kind  exertions. 

Professor  Kennedy,  being  unavoidably  prevented  from  being 
present  at  the  close  of  the  discussion,  replied  in  writing  as 
follows : — 

"  I  must  point  out  in  the  first  place  that  the  results  of  the 
experiments  do  not  confirm  the  proportions  given  in  Mr.  Tweddell's 
most  useful  Table,  as  some  speakers  appear  to  have  thought.  The 
mean  proportions  for  a  f-in.  plate  and  single-riveted  lap-joint, 
given  in  that  Table,  if  used  for  si  eel  plates,  correspond  to  a  strength 
of  only  43  per  cent,  of  the  solid  plate,  and  the  best  proportions 
(column  F)  to  only  51  per  cent.  Compared  with  61  per  cent., 
obtained  in  my  experiments,  it  appears  to  me  that  there  is  here  a 
great  difference.  It  is  hardly  to  be  expected  however  that  there 
should  not  be  a  difference,  as  the  Table  represents  proportions  for 
iron  joints,  and  my  work  has  been  entirely  with  steel  ones. 

"  The  points  which  the  experiments  seem  to  me  to  have  brought 
out  most  clearly  are  (1)  that  by  the  use  of  a  ductile  material  the  joint 
is  helped  very  materially  by  the  great  excess  of  strength  in  the  plate 
after  perforation ;  and  (2)  that,  while  the  plate  is  so  much  stronger 
than  before,  there  is  no  corresponding  increase  in  the  shearing  strength 
of  the  rivets,  over  the  strength  commonly  taken  as  that  of  iron  rivets. 
In  consequence  of  these  two  facts,  the  proportions  of  a  joint  of 
maximum  strength  in  a  soft  steel  plate  differ  materially  from  those 
for  an  ordinary  iron  plate,  in  the  direction  of  requiring  a  much 
larger  proportional  rivet  area ;  and  I  venture  to  think  that  in 
bringing  this  matter  out  clearly,  the  experiments  may  enable 
engineers  to  adopt  a  much  stronger  form  of  joint  than  has  often  been 
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adopted;  especially  if  it  Las  anywhere  been  assumed  that  the 
proportions  found  best  for  iron  joints  should  be  continued  for  steel 
ones. 

"  It  is  worth  while  noticing  that  with  steel  plates  the  proportionate 
strength  of  single-riveted  joints  diminishes  much  faster,  as  the 
plates  get  thicker,  than  with  iron  plates,  in  consequence  of  the 
impossibility  of  getting  so  near  the  proportions  of  maximum  strength 
by  using  large  enough  rivets.  Hence  any  practicable  single-riveted 
joint  in  a  thick  steel  plate  will  be  no  stronger  than  in  iron — a  point 
which  I  have  not  seen  anywhere  noticed,  but  which  has  considerable 
practical  importance.  The  limit  will  be  found  to  lie  at  about  |-in. 
or  i-§-in.  plate,  beyond  which  thickness  the  strength  of  a  single-riveted 
lap-joint  will  be  much  the  same  per  inch  breadth  of  plate  (with 
any  practicable  pitch  and  diameter  of  rivet),  whether  the  plate  be 
steel  or  iron. 

"  In  reference  to  a  good  many  remarks  which  have  been  made 
about  the  very  early  commencement  of  permanent  set,  I  may  direct 
attention  to  the  footnote  on  p.  209  of  my  paper.  This  feature  is  not 
peculiar  to  mild  steel,  but  seems  to  belong  rather  to  all  very  ductile 
materials.  In  considering  its  possible  influence  on  practical  design, 
the  extremely  small  magnitude  of  the  quantities  dealt  with  (some 
values  of  which  are  given  in  the  paper)  must  of  course  be  borne  in 
mind.*  I  do  not  myself  think  that  the  permanent  set  which  occurs 
below  the  point  at  which  the  extensions  cease  to  be  uniform  is 
generally  of  sufficient  magnitude  to  be  taken  into  account,  in 
connection  with  questions  relating  to  factors  of  safety.  I  may  just 
add  that  there  are  some  hard  materials  (e.g.  cast  iron  and  some 
tempered  steel),  where  the  extensions  increase  faster  than  the 
load  from  the  very  beginning,  so  that  the  diagram  Fig.  1,  Plate  30, 
has  then  no  straight  part  in  it  at  all ;  and  in  these  cases  it 
will  frequently  if  not  always  be  found  that  permanent  set  occurs 
from  tlie  very  commencement,  owing  no  doubt  to  the  material  having 
been  in  a  condition  of  initial  strain.  A  repetition  of  the  test,  with  a 
piece  of  such  material,  gives  for  each  load  an  extension  less  than  that 

*  The  right-hand  curve  in  Fig.  1,  Plate  30,  shows  the  actual  extensions,  full  size. 
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given  for  the  same  load  in  the  first  test,  hy  an  amount  approximately 
equal  to  the  amount  of  permanent  set  after  that  load  in  the  first  test. 
This  is  a  matter  which  I  have  recently  worked  at  a  good  deal,  and 
which  gives  very  interesting  results.  In  many  cases  the  curved  line 
found  in  the  first  test  becomes  very  closely  a  straight  line  in  the 
second.  It  is  important  to  notice  that  the  calculation  of  the  modulus 
of  elasticity,  in  such  material,  cannot  properly  be  made  from  the 
extensions  observed  on  a  first  experiment.  I  am  glad  of  Mr.  Tweddell's 
suggestion  of  Limit  of  Fatigue,'  which  may  turn  out  a  very  serviceable 
expression. 

"  The  remarks  made  by  Mr.  Longridge  and  Mr.  Head  emphasise 
very  strongly  the  difference  between  a  very  hard  and  non-elastic 
material,  such  as  ordinary  iron  boiler  plate,  and  a  ductile  material 
such  as  I  have  been  dealing  with  in  mild  steel  ;  and  by  inference 
emphasise  also  the  necessity  of  considering  separately  the  best 
proportions  for  joints  in  these  different  materials.  Mr.  Longridge's 
suggestion  as  to  the  proper  use  of  the  expression  '  natural  tenacity' 
appears  justifiable  in  principle,  and  it  would  have  been  better  had  I 
used  some  other  phrase ;  but  there  would  obviously  be  practical 
inconvenience  in  actually  using  the  expression  '  natural  tenacity ' 
for  a  resistance  occasionally  25  per  cent,  greater  (as  in  Series 
VIII.)  than  that  obtained  in  ordinary  tests. 

"  In  reference  to  Mr.  Schonheyder's  remarks  about  the  shearing 
apparatus,  there  is  undoubtedly  some  friction  to  be  overcome,  and  this 
is  included  in  the  result,  which  is  therefore  somewhat  in  excess  of  the 
true  shearing  resistance.  But  as  the  total  pressure  required  to  shear 
the  specimens  was  often  nearly  20  tons,  while  the  blocks  could  be 
knocked  out  of  their  bolster  after  fracture  (although  they  were  then 
quite  overlapping  each  other  and  jammed  firmly  together)  by  a  light 
hammer,  I  do  not  think  that  the  friction  can  have  sensibly  affected 
the  result.  But  of  course,  if  I  knew  of  any  other  equally 
satisfactory  way  of  doing  the  shearing  experiments,  which  would  do 
away  altogether  with  the  friction  and  still  hold  the  two  blocks  truly 
together,  I  should  be  very  glad  to  employ  it.* 

*  Since  writing  this  I  have  tried  the  method  suggested  by  Mr.  SchOnheyder, 
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"  In  answer  to  Mr.  John's  question,  I  have  always  found  that 
with  ordinary  materials  (the  only  exceptions  being  such  as  I  have  just 
mentioned  in  speaking  of  permanent  set)  the  extensions  are,  with 
wonderful  exactness,  proportional  to  the  load  up  to  such  a  point  as  the 
14  •  78  tons  per  sq.  in.  in  Pig.  1,  Plate  30  ;  and  that  therefore  the 
modulus  of  elasticity  is  constant.  I  refer  of  course  only  to  the  case 
where  the  extensions  are  measured  between  two  points  upon  the 
specimen  itself,  for  I  do  not  think  that  these  small  extensions 
can  be  accurately  determined  in  any  other  way.  I  may  add  that, 
in  speaking  of  the  effect  of  breadth  of  specimen,  I  was  careful  to 
guard  myself  by  stating  the  limits  of  breadth  within  which  I  had 
experimented,  and  within  which  I  had  found  substantially  identical 
results.  In  reference  to  another  question  of  Mr.  John's,  the  diagram 
Fig.  1,  Plate  30,  may  be  taken  as  almost  identical  with  that  to  be 
obtained  from  measurements  on  a  very  ductile  piece  of  bar  iron,  except 
that  the  permanent  set  might  in  that  case  commence  sooner  than  8  tons 
per  sq.  in.  In  hard  iron  the  '  break-clown '  of  the  material  would 
not  be  nearly  so  well  marked,  but  it  still  remains  sufficiently  distinct 
to  form  what  is  usually  given  as  the  limit  of  elasticity  of  the  iron. 
The  only  wrought  iron  which  I  have  not  found  distinctly  to  '  break 
down '  has  been  very  inferior  plate  tested  across  the  fibre,  the  actual 
breaking  load  of  which  was  very  little  in  excess  of  what  its  limit  of 
elasticity  ought  to  have  been.  I  have  not  made  many  experiments 
on  the  first  occurrence  of  permanent  set  in  inferior  iron  ;  but  so  far 
as  I  have  gone  it  seems  to  occur,  in  general,  quite  as  soon  as  in  good 
iron. 

"  In  reference  to  Mr.  Halpin's  remarks,  it  appears  to  me  that  he 
does  not  quite  know  the  working  of  the  machines  which  he  criticises. 
There  is  nothing  '  tentative '  about  the  determination  of  the  limit  of 
elasticity.  The  fact  that  the  actual  breaking  load  is  often  much  less 
than  the  maximum  load  ought  to  be  familiar  to  every  one  who  has 

and  find  that  it  certainly  gives  lower  results  than  the  method  I  used.  In  spite 
however  of  tightly  screwing  up  the  nut,  I  found  it  impossible  to' prevent  the 
blocks  separating  slightly,  so  that  the  shearing  edges  were  sensibly  not  fairly 
together.  Whether  this  is  sufficient  materially  to  affect  the  result,  I  cannot  say 
without  further  experiment. 
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made  tests;  and  indeed,  after  the  stress  laid  upon  it  in  Mr.  Adamson's 
paper  read  before  the  Iron  and  Steel  Institute  in  September  1878,  it 
should  be  known  to  all  engineers.  In  the  rivet  steel  of  Series  III. 
the  actual  load  at  fracture  was  just  about  equal  to  the  load  at  the 
limit  of  elasticity,  in  the  cases  in  which  I  determined  the  former  ;  but 
I  have  not  myself  found  any  cases  so  striking  as  those  which 
Mr.  Halpin  mentions,  where  the  final  load  was  sensibly  below  the 
load  at  the  limit  of  elasticity.  In  the  case  of  these  plates,  the  load 
under  which  fracture  took  place  I  determined  to  be  (in  some 
additional  strips  tested)  about  85  per  cent,  of  the  maximum  load,  and 
therefore  very  much  above  the  limit  of  elasticity. 

"  On  the  point  raised  by  Professor  Unwin  I  am,  I  must  say, 
unable  to  agree  with  him.  I  do  not  see  any  means  at  present  of 
finding  what  the  actual  area  of  a  specimen  is  at  the  moment  when  it 
is  standing  its  greatest  load.  In  the  perforated  specimens  fracture 
actually  took  place  at  the  greatest  load,  in  the  unperf orated  specimens 
at  a  much  lower  load  (as  I  have  already  mentioned) ;  and  therefore 
the  final  areas  are  not  directly  comparable.  I  have  lately  endeavoured 
to  get  exactly  comparable  cases  by  testing  against  each  other  a  pair 
of  pieces  of  Landore  "  S.S."  steel,  cut  from  the  same  plate  and 
shaped  respectively  like  Figs.  6  and  7,  Plate  31,  the  holes  being 
drilled.  Both  broke  just  at  their  maximum  load,  so  that  their  results 
were  strictly  comparable.  The  first  (Fig.  6)  stood  31-73  tons  per 
sq.  in.,  and  the  second  (Fig.  7)  32  ■  31  tons  per  sq.  in.,  each  on  its 
original  area.  The  ratio  between  these  two  quantities  is  1  •  07  to  1  •  00. 
The  nature  of  the  fractures  was  exactly  as  I  have  described  in  my 
paper :  the  one  broken  uniformly  across,  the  other  far  the  most 
extended  at  the  sides  of  the  hole,  only  the  outer  edges  of  the  piece 
touching  when  the  two  halves  were  brought  together.  The  former 
however  is  reduced  31  "2  per  cent,  in  area,  and  the  latter  only  29*8 
per  cent.  The  actual  maximum  stress  was  therefore  in  the  one  52*70 
tons  per  sq.  in.,  and  in  the  other  16-01  tons  per  sq.  in.;  and  the 
ratio  between  these  quantities,  1  •  15  to  1  •  00,  is  actually  greater  than 
the  ratio  of  the  nominal  breaking  loads.  In  this  case  then  the  excess 
of  strength  was  accompanied  by  a  greater  and  not  by  a  less  reduction 
of  area ;  which  I  confess  appears  to  me  conclusive  on  the  point, 
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unless  there  is  something  exceptional  about  the  result  of  my 
experiments.  Of  course  I  quite  admit  that  the  portion  of  the  bar 
which  is  being  drawn  out  locally,  where  fracture  afterwards  takes 
place,  is  not  in  the  same  condition  as  a  piece  of  ordinary  iron  within 
its  elastic  limit,  and  that  no  doubt  the  relations  of  stress  to  strain 
are  very  much  modified  in  the  former  case.  Whatever  these  relations 
may  be  however,  I  do  not  see  how  the  same  stress  conditions  can 
accompany  fractures  of  so  markedly  different  a  type  as  those  of 
which  I  have  spoken,  and  which  are  illustrated  in  Figs.  4  to  7, 
Plate  31. , 

"  In  conclusion  I  should  like  to  express  my  sense  of  the  value  of 
Mr.  Fletcher's  very  practical  remarks.  I  am  also  much  obliged 
to  Mr.  Traill  for  the  suggestions  he  has  made.  Some  additions 
have  been  made  to  the  Tables  which  will  facilitate  finding  the 
tensile  strength  of  each  plate  used  in  the  riveted  joints.  The 
calculated  strength  of  the  joint  would,  I  fear,  be  a  quantity  requiring 
so  much  explanation  (as  to  the  assumptions  made  in  the  calculation 
and  so  forth)  that  it  would  hardly  be  very  useful.  The  Tables 
contain  the  strength  of  the  joint  per  inch  breadth  of  the  plate,  and 
the  comparison  of  this  with  the  strength  of  the  solid  plate." 
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APPENDIX  I.  ON  EIVETED  JOINTS. 

TABLE  SHOWING  EULES  OP  PEACTICE  USED  BY 
VAEIOUS  MANUF ACTUS EES  FOE  EIVETED  JOINTS 
ENTIEELY  IN  IEON. 


Compiled  by  Mr.  R.  H.  TWEDDELL. 


N.B. — p  denotes  the  strength  of  the  Plate  in  the  joint,  per  cent,  of  solid  plate, 
r  „  „  Rivets  „  „  „ 

[It  is  assumed  that  the  tensile  strength  of  the  plate  and  the  shearing  strength 
of  the  rivet  are  equal,  and  no  allowance  is  made  for  loss  due  to  punching  or 
drilling.] 

"With  rivets  up  to  1  in.  diameter  it  seems  to  be  the  universal  practice  to 
make  the  "  margin,"  or  distance  from  outside  of  rivet  to  edge  of  plate,  equal  to 
the  diameter  of  rivet.  With  very  large  rivets,  lT'g,  1^,  or  1^  in.  diameter,  some 
makers  allow  rather  less  margin,  namely  1,  l-^,  1\  in. 


Single-Riveted  Lap-Joints. — Dimensions  all  in  Inches. 


C  a 

H  ° 

Dimensions 

and 

Ratios. 

Authority. 

A 

B 

C 

D 

E 

F 

H 

J 

Diameter        § 
Diameter      \9   nr» 
ThickmisT  \)A  UU 
Pitch             1| 

s 

5 

2-00 

5 

5 

2-00 

11 

s 

s 

2-00 

I5 
■MS 

5 

s 

2-00 

Is 

5 

B 

2-00 
If 

Tff 

Pitch      ;\2-fio 

Diameter      J 
Strength%{^ 

2-80 

56  r 
64  p 

2-60 

60  r 
62  p 

2-60 

60  r 

62  p 

2-60 

60  r 
62  p 

2-60 

60  r 
62  p 

Diameter        | 

3 
3 

3 

3 

3 

4 

3 

3 

s 

8 

ii 

3 

Diameter      \-|  .  £f> 
Thickness    \) 
Pitch      1     If 

2-00 

2 

2-00 

2 

2-00 

2-00 

111 

1-66 

1-83 
I3 

A4 

8 

Piteh       ,\2-80 
Diameter      J 

Strength0/^ 

2-66 

59  r 
G2p 

2-66 

59  r 
G2p 

2-33 

57  p 
67  r 

2-50 

60  p 
63  r 

2-80 

47  r 
64  p 

2-55 

57  r 
61  j) 

2 

C 
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Dimensions 
and 

Ratl08. 

Authority. 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

7 
ITT 

•I 

Diameter 

1  liameter 

Thickness 

Pitch 

Pitch 

Diameter 

Strcngth% 

Diameter 
Diameter 
Thickness 
Pitch 
Pitch 
Diameter 

Strength% 

1 1 

Tti 

[l-57 

11 

}2-73 

r  45  r 
\63jp 

i 

2-00 

2i 

2-57 

Gl  r 
Gin 

I 
2-00 

9' 

2-42 

59  p 

65  r 

3 
■I 

1-71 

1? 
2-50 

54  r 
Wp 

7 

B 

2-00 

i? 

2-14 

53  p 
73  r 

H 

1-86 

2 

2-46 

59  r 
59  p 

13 

T.J 

1-86 

2 
2-46 

59  r 

59  p 

3 

|l-S0 

2 

}2-67 

/44r 
\62p 

7 
S 

1-75 

2} 

2-57 

53  »• 
61  p 

13 
IS 

1-62 

2 

2-46 

52  r 
59  p 

7 
8 

1-75 

9' 

2-43 

57  r 
59  p 

15 

Id 

1-S7 
95 

2-47 

60  r 

60  p 

9 

Diameter 
Diameter 
Thickness 

Pitch 

Pitch 
Diameter 

Strength% 

13 
IB 

ll-44 

2 

}2-46 

/46r 
\59p 

2 
8 

1-55 

24 

2-57 

48  r 
61  p 

7 
8 

1-55 

9' 

z8 

2-43 

50  r 
59  p 

13 
IS 

1-44 

2 

2-46 

46  r 
59  p 

1-67 

2* 

2-40 

55  r 
58  p 

1 

1-78 
93 

2-56 

54  r  1 
61  p 

5 

"8" 

Diameter 

Diameter 

Thickness 

Pitch 

Pitch 
Diameter 

Strength% 

7 

a 
Jl-40 

91. 
}2-57 

/43r 
\61p 

7 

s 
1-40 

21 

2-57 

43  r 
61  _p 

1 

1-60 

93 

2-37 

53  r 
58  p 

1 
1-20 

2 

2-67 

35  r 
62  p 

7 

8 

1-40 
21 

2-57 

43  r 
Gl  p 

1  1 

Diameter 

Diameter 

Thickness 

Pitch 

Pitch 

Diameter 

Strength^ 

15 

Id 

Jl-36 

.    2* 
[2-40 

/45r 
\58p 

1.5 

TS 

1-36 

21 

2-40 

45  r 
5Sp 

1* 

1-55 
21 

2-35 

52  r 
57  p 

n 

1-64 
95 

^8 

2-33 

56?- 
57  p 

3 

Diameter 
Diameter 
Thickness 
Pitch 
Pitch 
Diameter 

Strength/^ 

1 
jl-33 

2i 

}2-50 

/  42  r 
)  60  D 

1 

1-33 

21 

2-50 

42  r 
Gi  r> 

1 
1-33 

91 

-i 

2-25 

47  r 
56  n 

n 

1-50 

2i 

"8 

2-33 

50  r 

57  o 

11 

1-50 

91 

—z 

2-22 

53  r 
55  77 

April  1881. 


RIVETED    JOINTS. 
Single-Riveted  Lap- Joints — continued. 


295- 


Dimensions 

and 

Ratios. 

Authority. 

A 

B 

C 

D 

E 

Fj 

G 

H 

I 

1  3 

Diameter 
Diameter 
Thickness 

Pitch 
Pitch 

Diameter 

Strength^ 

}l-38 

2| 

J2-22 

/49r 
I  55  p 

11 

1-54 

2-30 

53  r 
57  p 

7 
"S 

Diameter 
Diameter 

Tliickness 

Pitch 

Pitch 

Diameter 

Strength^ 

11 
ll-29 

12-22 

/45r 

\55p 

1 

1-14 

2§ 

2-50 

36  r 

60  p 

I3 
1-57 

3 

2-18 

54  p 
57  r 

1  5 

tit 

Diameter 

Diameter 

Thickness 

Pitch 

Pitch 
Diameter 

Strength^ 

1  3 

jl-27 

2  s 

12-21 

(45r 
\55_p 

1-20 
2| 

2-22 

42  r 
55  p 

1 

Diameter 

Diameter 

Thickness 

Pitch 

Pitch 
Diameter 

Strength^ 

jl-25 
2| 

J2-20 

/45r 

\55p 

1 

1-00 

21 

2-25 

35  r 
56  p 

Is 
112 

2§ 

2-22 

40  r 
55  p 

1* 

Diameter 

Diameter 

Thickness 

Pitch 

Pitch 
Diameter 

Strength^ 

1| 
|l-22 

3 

12-18 

/44r 
\5ip 

11 

1-00 

2-11 

37  r 
53  jj 

2  c  2 
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Double-Riveted  Lap-Joints. — Dimensions  all  in  Inches. 

N.B.  The  "Spacing"  in  this  Tattle  means  the  distance  between  the  Pitch  Lines 
of  the  two  roivs  of  Hvt  ts. 


- 

Dimen  ions 

and 
Ratios. 

Authority. 

A 

B 

C 

D 

E 

F 

H 

I 

J 

Diameter 

5 

s 

5 

S 

5 

s 

8 

| 

5 

5 

Diameter 

Thickness 

Pitch 

}2-00 
91 

2-00 

21 

2-00 
2^ 

2-00 

2i 

2-00 

Z8 

2-00 
91 

To 

Pitch 
Diameter 

Spacing 

Is -40 

3-GO 
If 

4-00 
11 

3-60 
1J 

3-80 

3-40 
11 

Pitch 

Spacing 
Strength% 

}l-42 

(7lp 

\92r 

1-29 

Tip 
87  r 

1-54 

Top 
79  r 

1-80 

72  p 
87  r 

1-90 

74  p 
83  r 

1-70 

71  p 

92  r 

Diameter 

5 

8 

3 
3 

3 

3 

1 

5 

8 

ii 
re 

ii 

TS 

Diameter 

Thickness 

Pitch 

}l-67 

23 

2-00 

2^ 

2-00 

2^ 

2-00 
9r> 

1-67 
21 

1-83 
2re 

1-83 

2"- 

3 

s 

Pitch 
Diameter 
Spacing 

}3-40 

3-33 

2 

3-33 

1B 

3-50 

3-60 

3-91 
Ire 

3-91 
Ire 

Pitch 
Spacing 

Strength% 

}l-42 

j  lip 
\77  r 

1-25 

70  p 
94  r 

1-54 

70  p 
94  r 

1-75 

71  p 
90  r 

72  p 

73  r 

2-53 

74  p 
74  r 

2-53 

74  p 
74  r 

Diameter 

u 

Id 

7 

3 
5 

13 

13 
15 

Diameter 

Thickness 

Pitch 

}l-57 
2\ 

2-00 

1-71 

2^ 

1-S6 

2g 

1-86 

7 
T5" 

Pitch 
Diameter 

Spacing 

J3-27 
11 

3-14 

Ol 

3-33 
11 

3-54 
I5 

a8 

3-85 
11 

Pitch 
Spacing 

Strength% 

}l-38 

(G9p 
\75  r 

1-22 

08  p 
100  r 

1-67 

70  p 
81  r 

1-77 

72  p 

82  r 

2-50 

74  p 
76  r 

Diameter 

3 

i 

13 

7 

3 

3 

re 

Diameter 

Thickness 

Pitch 

}l-50 
21 

1-75 
2f 

1-62 

2 

1-75 

1-50 
2i 

1-87 
"re 

i 

Pitch 
Diameter 

Spacing 

}:3-33 

3-14 
21 

2*46 

3-57 
1| 

3-33 

3-80 
l3 

18 

Pitch 
Spacing 

Strength^ 

}l-43 

/70p 
\71ar 

1-22 

6Sp 

87  r 

l-CO 

59  p 
104  r 

1-79 

72  p 

77  r 

70  p 

71  r 

2-59 

74  p 

77  r 
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DOUBI.E-KIVETED 

Lap- Joints — continued. 

J  J 

Dimensions 

and 

Ratios. 

Authority. 

A 

B 

D 

E 

F 

G 

H           I 

J 

9 
1  G~ 

Diameter 

Diameter 

Thickness 

Pitch 

Pitch 
Diameter 
Spacing 

Pitch 

Spacing 

Strength% 

13 

15 

ll-44 

2| 
13-23 

1? 

}l-40 

/  69  p 
\  70  r 

15 
"IB 

1-67 

3 
3-20 

2\ 
1-33 

69  p 

82  r 

I 

1-55 

2| 

3- 14 

n 

1-57 

68  p 

78  r 

13 

Iti 

1-44 

2 
2-46 

1| 

1-60 

59^ 
92  r 

15 
IS 

1-67 

3a 

3-60 

■"•5 

1-80 

72  p 

73  r 

1 
1-78 

4 
4-00 

2-56 

70  r 
75  p 

"8 

Diameter 
Diameter 
Thickness 
Pitch 
Pitch 
Diameter 
Spacing 

Pitch 
Spacing 

Strength% 

I 
Jl-40 

2} 
}3-14 

2 

}l-37 

(6Sp 
\70r 

1.5 

TB 

1-50 
3 

3-20 

2} 
1-33 

69  p 
74  r 

1 
1-60 

3| 
3-62 

2 
1-81 

69  r 

72  p 

7 

s 
1-40 

3 
3-43 

64  r 
lip 

1  1 

16 

Diameter 
Diameter 

1.5 
TS 

Jl-86 

97 

^g 

J3-07 

91 

Zg 

j-1-85 

(67p 
\70r 

IS 
Td 

1-36 
3 

3-20 

2J 

1-33 

67  r 
69  p 

1* 
1-55 

31 

3-65 

21 

zs 

1-S2 

67  r 
73  p 

Thickness 

Pitch 

Pitch 

Diameter 

Spacing 

Pitch 

Spacing 

Strength^ 

3 

■i 

Diameter 

Diameter 

Thickness 

Pitch 

Pitch 

Diameter 

Spacing 

Pitch 

Spacing 

Strength^ 

1 

}l-33 
3 

Js-oo 

Jl-33 

/  67  p 
\  70  r 

1 

1-33 

3 
3-00 

2i 
1-20 

67  p 

70  r 

1 
1-33 

3£ 

3-25 

2 
1-62 

64  r 

69  p 

11 

1-50 

41 

*g 

3-67 

21 
1-S3 

64  r 

Tip 

lg 
1-50 

31 
3-22 

69  p 
73  r 
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DorBLE-EiVETED  Lap-Joints — continued. 


Dimensions 

and 

Ratios. 


Authority. 


H 


Diameter 

Diameter 

Thickness 

Pitch 

Pitch 

Diameter 

Spacing 

Pitch 

Spacing 

Strength% 


*8 

Ll-29 

\ 

12-89' 

03 

[l-37 

r  65  jp 

[70r 


IS 

1-29 

°8 

3-22 


63  r 
69  p 


Diameter 

Diameter 

Thickness 

Pitch 

Pitch 

Diameter 

Spacing 

Pitch 

Spacing 

Strength^ 


[1-27 
^2-84 


Diameter 

Diameter 

Thickness 

Pitch 

Pitch 

1  liameter 

Spacing 

Pitch 

Spacing 

Strength0/, 


}- 


35 


65  p 

70  t 


Diameter 

Diameter 

Thickness 

Pitch 

Pitch 

I  liameter 

Spacing 

Pitch 

Spacing 

Strength% 


1| 

■1-25 

3i 
[2-80 

j-1-33 

f  6<±p 

I  70  r 


1 5- 
►1-24 

f.2-76. 

j-l-32 

f64p 
I'  70  r 


n 

1-20 

3' 

3-11 

% 

1-56 

61  r 
68  p 


11 
1-12 

3| 
3-11 

2\ 
1-56 

57  r 

68  p 


1 

1-07 

3-50 


48  r 
lip 


1-33 


61  p 
75  r 
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a  • 

Dimensions 

Authority. 

|5  1        and 
3  <w        Ratios. 

H      | 

A 

B 

C 

D 

E 

F 

G 

H 

I 

H 

Diameter 

Diameter 

Thickness 

Pitch 

Pitch 

Diameter 

Spacing 

Pitch 

Spacing 

Strength.% 

}l-22 

3| 

J2-73 

2i 
jl-30 

(63p 
\70r 
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APPENDIX  II.  ON  RIVETED   JOINTS. 

FIRST  EEPOET  TO  THE  COUNCIL  OF  THE  COMMITTEE 
ON  THE  FORM  OF  RIVETED  JOINTS. 

{First  issued  Nov.  1879,  and  now  published  by  order  of  the  Council.) 


Members  of  the  Committee :— W.  Boyd,  Esq. ;  W.  S.  Hall,  Esq. ; 
Prof.  A.  B.  W.  Kennedy  ;  R.  V.  J.  Knight,  Esq. ;  Wm.  Parker,  Esq.  ; 
R.  H,  Tweddell,  Esq. ;  Prof.  W.  C.  Unwin,  Reporter. 


CONTENTS. 


List  of  Memoirs  Consulted. 
I.  Short  account  of  the  History  of  Experiments  on  Kivetino!. 
II.  Straining  Action  on  Riveted  Joints. 

Causes  of  the  apparent  difference  of  the  breaking  stresses  in  riveted  joints 
and  in  simple  bars.     Causes  which  give  rise  to  unequal  distribution  of 
stress.     Punching  and  crushing  probably  alter  distribution  of  stress. 
III.  Experiments  to  Determine  directly  the  Breaking  Stresses. 
Experiments  on  the  tenacity  of  iron  and  steel  plates. 
Experiments  on  the  reduction  of  strength  by  drilling  and  punching. 
Experiments  on  the  effect  of  annealing  and  rimering  steel  plates. 
Direct  experiments  on  the  shearing  resistance  of  rivet  iron  and  steel. 
Experiments  on  the  friction  of  riveted  plates. 

Crushing  resistance  of  iron  and  steel.  Dependence  of  this  on  bearing 
surface  of  rivets.  Probable  ratio  of  maximum  and  mean  intensity  of 
crushing  pressure.  Effect  of  crushing  in  diminishing  the  apparent 
tenacity  of  the  plates.  Dependence  of  the  crushing  pressure  on  the 
diameter  chosen  for  the  rivets.  Ordinary  rules  for  rivet  diameter. 
Breaking  resistance  of  overlap  in  front  of  rivet. 
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IV.  Experiments  ox  Different  Fobms  of  Riveted  Joints. 

Single-riveted  lap  joints  of  iron. 

Single-riveted  l.utt  joints  of  iron. 

Double-riveted  lap  and  butt  joints  of  iron. 

Shearing  resistance  of  iron  and  steel  rivets  in  steel  plates. 

Resistance  to  tearing  of  steel  lap  joints. 

Resistance  to  tearing  of  steel  butt  joints. 
Appendix  I.  Bending  of  Thick  Plates. 
Appendix  II.  Memorandum  of  suggestions  as  to  Experiments  to  be  undertaken 

on  Riveted  Joints. 


The  Committee  having  entrusted  to  the  Eeporter  the  preparation 
of  a  preliminary  report  on  the  subject  which  they  propose  to  investigate, 
he  has  examined,  as  far  as  possible,  all  papers  or  memoirs  which 
contain  experiments  bearing  on  the  subject.  A  list  of  such  papers 
and  memoirs  was  prepared  at  the  Institution  by  the  Secretary,  and 
with  his  assistance  copies  of  most  of  them  were  obtained.  Abstracts 
have  been  made  of  the  whole  of  the  papers  enumerated  below. 
Further,  all  experiments  found  in  these  papers  have  been  tabulated 
in  a  common  form  for  comparison,  and  the  results  reduced  to  common 
measures.*  These  reductions  have  been  carefully  made  by  Mr.  Nolet, 
and  it  is  hoped  that  they  will  much  facilitate  the  examination  and 
comparison  of  the  experiments  which  have  thus  far  been  made.  The 
form  in  which  the  results  are  tabulated  is  a  much  more  comprehensive 
one  than  that  generally  adopted ;  and  to  bring  previous  results, 
sometimes  not  very  clearly  recorded,  into  this  shape  has  involved  a 
good  deal  of  labour.  When  this  work  was  about  half  finished,  the 
Reporter  received  from  Mr.  B.  B.  Stoney  an  admirable  paper  on  riveted 
joints, — j)erhaps,  indeed,  the  best  of  any  experimental  paper  on  the 
subject, — in  which  the  system  of  tabulating  the  results  is  very  similar 
to  that  which  had  been  adopted. 

The  following  is  a  list  of  all  the  papers  of  which  abstracts  have 
been  made,  of  all  obtainable  papers  in  fact  in  which  original 
experiments  on  riveting  are  to  be  found.  Merely  theoretical  papers 
have  for  the  most  part  been  excluded  from  this  list.     It  still  remains 


*  The  units  employed  throughout  this  Report  are  Inches,  Tons,  and  Tons 
per  sq.  inch. 
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to  examine  paj^ers  and  treatises  in  which  riveting  is  treated  from  the 
purely  theoretical  point  of  view,  or  in  which  practical  rules  and 
proportions  are  given.  This  however  may  very  well  be  left  to  a 
somewhat  later  stage  in  the  proceedings  of  the  Committee. 

List  of  Original  Memoirs  on  Riveting  of  wliicli  Abstracts  have  been  made. 
Arranged  chronologically,  or  nearly  so. 

"  Experimental  Inquiry  into  the    Strength  of  Wrought-Iron   Plates   and  their 

Riveted  Joints."    By  William  Fairbairn.     Phil.  Trans.,  Part   II.,-  1S50, 

pp.  G77-725. 
"  Riveting  and  Shearing  of  Iron."     By  Edwin  Clark.     Britannia  and  Conway 

Tubular  Bridges.    Vol.  I.,  Chap.  IV.,  1850. 
"Experiments     on     Double-Riveted     Joints."      By    I.     K.     Brunel.       Also 

"Experiments   at  Woolwich."      By   W.    Bertram.      Given    in     "Recent 

Practice  in    the    Locomotive    Engine."     By  D.   K.   Clark,    1S5S.    Also 

"  Ptules  and  Tables."    By  D.  K.  Clark,  1878. 
"Lloyd's  Experiments  upon  Iron  Plates,  and  modes  of  Riveting  applicable  to 

the  construction  of  Iron  Ships."     By  Thomas  Chapman.     Trans.  Inst.  Naval 

Architects,  1S60. 
"Jointing   and  Riveting  Iron   Ships."     By  John  Grantham.     Trans.   Inst. 

Naval  Architects,  1862. 
"  The  application  of  Lon  to  the  purposes  of  Naval  Construction."    By  William 

Fairbairn.     Society  of  Arts,  Vol.  XIII.,  Nov.  1S6L  p.  20. 
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Steel  Institute.     By  N.  Barnaby,  C.B.     "  Engineering."     May  16,  1879. 

"  Iron  and  Mild  Steel."  Paper  read  before  the  Iron  and  Steel  Institute.  By 
D.  Adamsox.     "Engineering."     May  9,  1879. 

"Experiments  referring  to  the  use  of  Iron  and  Steel  in  High-Pressure  Boilers." 
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(I.)    SHOET    ACCOUNT  OF    THE    HISTOEY    OF 
EXPEEIMENTS  ON  EIVETING. 

Before  discussing  the  details  of  experiments  on  riveting,  it 
may  be  interesting  to  give  a  short  account  of  the  more  important 
memoirs  in  the  preceding  list.  The  earliest  published  experiments 
on  riveted  joints,  and  probably  the  first  experiments  on  the  strength 
of  riveting  ever  made,  are  contained  in  the  memoir  by  Sir  W. 
Fairbairn  in  the  Transactions  of  the  Eoyal  Society.  The  experiments 
in  this  paper  have  probably  had  more  influence  in  determining  the 
proportions  adopted  in  practice  for  riveted  joints  than  any  others. 
The  author  first  determined  the  tenacity  of  the  iron,  and  found,  for 
the  kinds  of  iron  experimented  on,  a  mean  tenacity  of  22-5  tons  per 
sq.  in.  with  the  stress  applied  in  the  direction  of  the  fibre,  and  23  with 
the  stress  across  it.  That  the  plates  were  found  stronger  when  loaded 
in  a  direction  at  right  angles  to  that  in  which  tbey  were  rolled 
is  probably  due  to  some  error  in  marking  the  plates.  Taking 
the  average  tenacity  of  the  joints  tested,  he  obtained  the  following- 
results  : — 

Breaking  Stress  in 
tuns  per  sq.  in. 
Unpunched  plate    .  .  .  .  .  .         23*43 

Double-riveted  joints       .  .  .  .  .         23  '91 

Single-riveted  joints         .         .         .         .         .         1 8  •  57 

That  the  tenacity  of  the  iron  was  virtually  reduced  by  about  20  per 
cent,  in  single-riveted  joints,  and  not  at  all  in  double-riveted  joints,  is 
a  result  which  is  of  the  greatest  importance  ;  and  the  bearing  of  this 
on  the  design  of  joints  does  not  appear  to  Lave  received  full 
consideration  till  a  much  later  period.     Making  certain  empirical 
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allowances,  Sir  W.  Fairbairn  adopted  tlio  following  ratios  as 
•expressing  the  relative  strength  of  riveted  joints  : 

Solid  plate 100 

Double-riveted  joint      .....         70 
Single-riveted  joint        .....         56 

These  well-known  ratios  are  quoted  in  most  treatises  on  riveting, 
and  are  still  sometimes  referred  to  as  having  a  considerable  authority. 
It  is  singular  however  that  Sir  W.  Fairbairn  does  not  appear  to 
Lave  been  aware  that  the  proportion  of  metal  punched  out  in  the  line 
of  fracture  ought  to  be  different  in  properly  designed  double  and 
single-riveted  joints.  These  celebrated  ratios  would  therefore 
appear  to  rest  on  a  very  unsatisfactory  analysis  of  the  experiments 
on  which  they  are  based.  Sir  W.  Fairbairn  also  gives  a  well-known 
table  of  standard  proportions  for  riveted  joints.  It  is  not  very  clear 
how  this  table  has  been  computed,  and  it  gives  proportions  which 
make  the  ratio  of  tearing  to  shearing  area  different  for  different 
thicknesses  of  plate.     There  is  no  good  reason  for  this. 

About  the  same  time  some  experiments  on  the  shearing  resistance 
of  rivets,  and  on  the  friction  of  riveted  plates,  were  published  in  Mr. 
Edwin  Clark's  Treatise  on  the  Britannia  and  Conway  Bridges. 

Some  experiments  by  Mr.  Bertram  at  Woolwich  Dockyard  were 
published  and  discussed  by  Mr.  D.  K.  Clark  in  1860.  They  do  not 
appear  to  be  very  reliable.  Taking  the  single-riveted  joints, 
riveted  by  hand,  the  following  numbers  are  given : — 

Thickness  of  plate  .  .  .  iinch       Tel inch  f  inch 

Net  ultimate  tensile  strength  of  joint) 
in  per  cent,  of  that  of  solid  plate   . ) 

It  must  follow  from  these  figures  that  a  joint  in  a  -^-inch  plate  is 
stronger  than  one  in  a  i-inch  plate,  not  only  proportionately  but 
absolutely.  Similarly,  that  a  §  -inch  plate  joint  is  absolutely  stronger 
than  a  -j-Vfnch  plate  joint.  The  absolute  strengths  would  be  as 
follows,  taking  the  strength  of  1  sq.  in.  as  100 : — 

Thickness  of  plate  .         .         .  -1- il,cl1        tVucI1      linch 

Strength  of  joint,  per  cent.      .         .  20  21-9  22-5 
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It  is  impossible  to  suppose  that  the  strength  of  the  joint  increases 
as  the  plate  is  made  thinner,  and  yet  these  results  have  been 
republished  in  1878  without  remark. 

In  186G  Mr.  Baldwin  (Transactions  Society  of  Engineers) 
pointed  out  the  errors  in  Fairbairn's  standard  proportions  for 
riveted  joints.  He  then  calculated  a  new  table  for  single  and  double- 
riveted  joints,  making  the  proportions  such  that  the  tearing  and 
shearing  areas  were  equal.  An  interesting  discussion  followed  the 
reading  of  this  paper,  in  which  Mr.  Barnaby  spoke  strongly  of  the 
great  reduction  of  the  tenacity  of  the  iron  in  riveted  joints,  in 
consequence  either  of  injury  done  in  punching  or  of  the  unequal 
distribution  of  stress  on  the  metal  between  the  rivets.  Some  of  the 
tenacities  given  by  Mr.  Barnaby  are  so  low  that  we  may  fairly 
suspect  some  defect  in  the  mode  of  experimenting ;  but  he  first 
definitely  pointed  to  the  great  diminution  of  tenacity  in  joints,  when 
compared  with  that  of  solid  plates,  as  a  matter  seriously  affecting  the 
proportions  which  should  be  adopted. 

A  paper  by  Mr.  Henry  Sharp  (Transactions  Inst.  Naval 
Architects,  18G8)  contains  the  earliest  published  experiments  on 
steel  riveted  joints.  Mr.  Sharp  specially  drew  attention  to  the 
injury  done  to  plates  by  punching,  the  deterioration  of  tenacity 
being  greater  the  harder  the  material  of  the  plates.  He  showed  also 
that  if  the  plates  were  annealed  after  punching  their  original 
strength  was  restored. 

The  tendency  of  the  rivet  and  plate  to  crush  each  other  was  first 
pointed  out  by  Mr.  J.  H.  Latham  ("  Construction  of  Wrought  Iron 
Bridges,"  p.  17,  185S).  He  also  first  defined  the  bearing  surface  of 
a  rivet,  and  assumed,  on  rather  theoretical  and  not  very  satisfactory 
grounds,  that  the  stress  per  unit  of  bearing  surface  should  not  exceed 
the  stress  per  unit  of  tearing  section.  The  question  of  the  proper 
limit  of  crushing  pressure  on  the  bearing  surface  of  the  rivet  has 
remained  unsolved  to  the  present  time,  and  in  most  treatises  on 
riveting  it  is  not  taken  into  consideration. 

In  some  lectures  at  Chatham  in  1868  the  present  writer  pointed 
out  that  in  Fairbairn's  experiments  there  is  some  relation  between 
the  tenacity  of  the  plate  and  the  crushing  pressure  of  the  rivets  on 
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the  plates.  Arranging  the  experiments  in  the  order  of  the  pressure 
per  sq.  in.  of  bearing  surface,  it  is  seen  that  the  tenacity 
increases  uniformly  with  the  hearing  surface,  and  reaches  a  maximum 
in  those  cases  where  the  bearing  surface  in  the  rivet  on  the  plate  is 
equal  to  the  tearing  area  of  the  plate.  This  would  appear  to  indicate 
that  part  of  the  diminution  in  tenacity  of  the  iron  in  the  joints 
tested  was  due,  not  to  any  injury  to  the  plate  in  punching, 
but  to  the  crushing  action  of  the  rivet  before  the  final  fracture  of 
the  joint. 

The  strength  and  proportions  of  riveted  joints  of  iron  were 
discussed  in  an  admirable  paper  by  Mr.  Walter  B.  Browne, 
communicated  to  the  Institution  of  Mechanical  Engineers  in  1872. 
This  is  the  first  paper  in  which  full  attention  is  given  to  arranging 
the  proportions  so  as  to  prevent  an  excessive  pressure  per  unit  of 
bearing  surface.  It  is  the  first  paper  also  in  which  allowance  is 
made  for  the  reduction  of  the  tenacity  in  joints  as  compared  with 
solid  plates,  especially  in  the  case  of  single-riveted  joints.  The 
following  are  the  limiting  stresses  for  iron,  selected  from  an 
examination  of  experiments  : — 


Crushing  resistance  per  sq.  in.  of  bearing 

surface — 

Tons 

per  sq.  in 

Joints  with  one  cover 

. 

. 

40 

„          two  covers    . 

. 

. 

42-9 

Shearing  resistance — 

Rivets  in  single  shear      .         . 

. 

. 

22 

„       „  double  shear     . 

* 

. 

21 

Tearing  resistance — 

Single-riveted  joints  punched  . 

. 

. 

18 

„           „           „      drilled 

. 

. 

22 

Double-riveted  joints  punched 

. 

. 

m 

„          „          „     drilled      . 

• 

' 

22 

Very  simple  rules  aren  given  based  on  these  limits ;  but  it  may  be 
observed  that  they  assume  the  rivet  diameter  to  be  twice  the  plate 
thickness,  a  proportion  not  usual  in  practice  for  thick  plates.  If  a 
less  simple  proportion  is  adopted,  the  rules  for  the  proportions  of  the 
joints  necessarily  become  more  complicated.  Some  experiments  are 
given  in  this  paper  in  which  a  very  low  tenacity  of  the  joints  was 
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observed.  This  is  ascribed  to  the  rather  high  crushing  pressure  of 
the  rivets  on  the  plates,  which  caused  elongation  of  the  holes  and 
consequent  unequal  distribution  of  stress  on  the  section  of  fracture. 
The  results  are  however  somewhat  exceptional.  In  a  letter  to  "  The 
Engineer,"  in  1872,  Mr.  Browne  quoted  some  experiments  made  in 
America,  showing  considerable  loss  of  tenacity  in  drilled  and  punched 
plates,  especially  in  the  former ;  and  gave  a  satisfactory  explanation 
of  one  cause  of  loss  of  strength  in  plates  having  a  hole,  namely  the 
disturbance  of  the  equal  distribution  of  stress  on  sections  near  the  hole. 
In  1873  a  second  paper  on  riveted  joints  was  communicated  to 
the  Royal  Society  by  Sir  W.  Fairbairn,  chiefly  relating  to  the 
relative  advantages  of  punching  and  drilling.  The  experiments  in 
this  paper  show  that  the  shearing  resistance  of  rivets  in  drilled  holes 
is  rather  less  than  that  of  rivets  in  punched  holes,  which  appears  to 
be  due  to  the  sharp  edge  of  the  drilled  hole.  By  definitely  rounding 
the  edge  of  the  hole,  a  greater  shearing  resistance  is  obtained  than 
that  of  rivets  in  punched  holes. 

Shearing  resistance 

of  rivet  in  tons 

per  sq.  in. 

Bounded  holes 21-52 

Punched  holes 20*95 

Drilled  holes 19-23 

In  some  experiments  made  by  Mr.  Kirkaldy  for  the  West  Cumberland 
Steel  Works,  iron  rivets  in  steel  plates  sheared  at  15  to  19  tons  per 
sq.  in. 

In  a  paper  communicated  by  Mr.  Barnaby  to  the  Institute  of 
Naval  Architects  in  1875  some  experiments  were  given,  showing 
that  the  tenacity  of  steel  plates  might  be  reduced  from  31  or  32  tons 
to  14Jf  tons  per  sq.  in.  by  the  injury  done  in  punching. 

In  the  Transactions  of  the  Koyal  Irish  Academy  for  1875  is  an 
extremely  interesting  paper  by  Mr.  B.  B.  Stoney  on  single-riveted 
joints.     The  limits  of  stress  obtained  are  as  follows  : — 

Crushing  resistance  of  bearing  surface —  Tons  per  sq.  in. 

In  the  strongest  joints    .  .  .  .  .  .         30 

Shearing  strength — 

Drilled  holes,  single-riveting           .         .         .         .         18*28 
Punched  holes,   „  ,, 19*10 


o 


D 
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Iii  doublc-rivetcd  joiuts  a  somewhat  greater  shearing  resistance 
was  found. 

Loss  of  tenacity  in  the  joints —  Ter  cent. 

In  drilled  plates,  mean  loss    .....  2 

„  punched    „        „        „  .         .         .         .         II- 45 

Bomo  results  communicated  by  Mr.  Riley  to  the  Institute  of 
Naval  Architects  in  187G  showed  no  loss  of  strength  in  bars  of 
Landore  steel  punched  and  unannealed. 

Mr.  Kirk  communicated  experiments  on  the  effect  of  punching 
iron  and  steel  plates  to  the  Institute  of  Naval  Architects,  in 
1877.  These  experiments  showed  that,  while  punching  in  all  cases 
diminished  the  tenacity  of  iron  plates,  the  loss  of  strength  was  much 
less  when  the  hole  in  the  die-block  was  larger  than  the  punch,  than 
when  they  were  of  the  same  size.  With  steel  plates  the  loss  of 
strength  by  punching  was  much  greater,  but  the  same  influence  of 
the  size  of  hole  in  the  die-block  was  observed. 

In  "The  Engineer"  for  Feb.  23,  1877,  is  an  account  of  some 
interesting  experiments  by  Mr.  E.  B.  Longridge.  Unfortunately 
only  "  nominal  "  and  not  real  dimensions  of  the  plates  and  rivets  are 
given.  These  experiments  tended  to  show  that  Fairbairn's  estimate 
of  the  strength  of  riveted  joints  was  too  high.  For  single-riveted 
joints,  in  which  the  plates  broke,  the  strength  of  the  joint  ranged 
from  38  •  9  to  40  •  7  per  cent,  of  the  strength  of  solid  plate  when  the 
plates  were  unannealed,  and  was  45  ■  7  per  cent,  in  an  annealed  plate. 
In  joints  in  which  the  rivets  sheared,  the  strength  ranged  from  39  to 
44  per  cent,  of  the  strength  of  the  solid  plate,  one  joint  giving 
(unless  there  is  a  misprint)  50°  6  per  cent.  In  some  experiments  in 
which  the  plates  are  described  as  "  breaking  joint "  the  percentage 
was  higher.  In  experiments  with  double-riveted  lap  joints,  all  gave 
way  by  tearing  the  plates  except  two.  The  joint  had  from  51*5  to 
66 -1  per  cent,  of  the  strength  of  solid  plate.  With  single-riveted 
butt  joints,  all  gave  way  by  tearing  the  plates,  and  the  strength  was 
from  51*5  to  58*5  per  cent,  of  that  of  solid  plate.  With  double- 
riveted  butt  joints,  all  but  one  gave  way  by  tearing  the  plates,  and 
the  strength  was  from  01  •  G  to  67  per  cent,  of  that  of  solid  plate.     It 
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is  stated  that  chain  riveting  proved  to  be  stronger  than  zigzag 
riveting,  but  it  is  not  quite  clear  from  the  Tables  how  this  result  is 
arrived  at. 

Experiments  relative  to  steel  boilers  were  communicated  by 
Mr.  Boyd  to  the  Institution  of  Mechanical  Engineers  in  1878.  In 
two  of  the  experiments  here  given  it  appeared  that  punching 
diminished  the  tenacity  of  steel  plates  by  35  and  51  per  cent.,  while 
drilling  reduced  it  only  2  per  cent.  Annealing  appeared  to  restore 
the  strength  of  the  punched  plates.  In  the  discussion  on  this  paper 
Dr.  Siemens  mentioned  experiments  on  punched  steel  plates  in  which 
the  strength  appeared  to  be  increased  by  punching,  and  spoke  of  the 
helical  punch  as  likely  to  diminish  the  liability  to  injure  the  plate  in 
punching.    This  was  confirmed  by  experiments  given  by  Mr.  Tweddell. 

An  extensive  series  of  experiments  is  contained  in  a  paper  by 
Mr.  Martell  on  steel  for  ship-building,  in  the  Transactions  of  the 
Institute  of  Naval  Architects  for  1878.  The  mean  values  of  the 
breaking  stress  in  these  experiments  were  as  follows : — 

Iron  plates,    holes   punched,   tore  in  line  of  rivet     Tons  per  sq.  in. 

holes,  at        .         .         .         .         .         .         .         17*9 

Iron  rivets  in  steel    plates,   double    chain  riveted, 

sheared  at  .  .  .  .  .  .         1G*7 

Iron  rivets  in  steel  plates,  the  rivets  being  zigzag, 

sheared  at 19-2 

Steel  plates  with  punched  holes  and  steel  rivets,  not 

annealed,  gave  way  by  tearing  the  plates   or 

shearing  the  rivets  at      .         .         .         .         .         22  ■  5 

With  thin  steel  plates  the  injury  due  to  punching  appeared  to  be 
less  than  with  iron  plates.  In  the  case  of  plates  above  -^  inch 
thick  the  loss  of  strength  due  to  punching  was  20  to  23  per  cent, 
for  iron,  and  20  to  33  per  cent,  for  steel.  By  annealing  the  lost 
strength  was  restored.  Steel  was  injured  for  a  very  small  distance 
round  the  hole,  so  that  by  rimering  out  an  annulus  of  metal  i  to  TL- 
inch  thick  the  injured  part  was  removed.  In  drilled  plates  there 
was  no  appreciable  loss  of  strength.  Plates  punched  with  a  spiral 
punch  were  2^  tons  per  sq.  in.  stronger  than  when  punched  with  an 
ordinary  punch. 

2  d  2 
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The  most  careful  examination  of  the  way  in  which  punching 
injures  plates  has  been  made  by  M.  Barba,  whose  experiments  are 
described  in  a  Treatise  on  the  Use  of  Steel  (1875).  M.  Barba  shows 
that  when  a  punched  bar  is  broken  by  tensile  stress,  the  width  of  the 
bar,  relatively  to  the  diameter  of  the  hole,  influences  the  a}>parcnt 
tenacity.  The  tenacity  diminishes,  in  these  experiments,  as  the  width 
of  the  bar  for  a  given  diameter  of  hole  increases.  From  this  he 
infers  that  the  loss  of  tenacity  is  not  due  to  any  cracking  produced 
by  the  punch,  or  to  a  reduction  of  tenacity  in  the  neighbourhood  of 
the  hole.  The  effect  of  punching  is  to  alter  the  elasticity,  or  to 
diminish  the  power  of  elongating,  in  a  narrow  annulus  round  the 
hole.  This  causes  an  unequal  distribution  of  stress,  and  fracture 
begins  at  the  rivet-hole.  By  removing  an  annulus  0*(M  inch  thick 
round  the  hole  the  effect  of  punching  is  neutralised.  With  both  iron 
and  steel  plates  similar  results  were  obtained. 

The  Committee  have  received  a  copy  of  a  Report  by 
Mr.  W.  Parker  and  Mr.  John,  made  in  1878  to  Lloyd's  Committee, 
on  the  effect  of  punching  and  drilling.  The  experiments  on  which 
this  Report  is  based  were  made  at  the  Chain  Testing  Works  at 
Saltney.  These  experiments  showed  that  thin  steel  plates  lost 
comparatively  little  from  punching,  but  that  in  thick  plates  the  loss 
was  very  considerable.  The  following  Table  gives  the  results  for 
plates  punched  and  not  annealed  or  rimered  : — 

Thickness  of 
Plates. 


Material 

of  Plates. 

Loss  of  tenacity 
per  cent. 

8 

IS 

,,       26 

,,        R3 

18  to  23 

The  effect  of  increasing  the  size  of  the  hole  in  the  die  block  is 
shown  in  the  following  Table  : — 

Total  taper  Material  Loss  of  tenacity 

of  Hole  in  Plate.  of  Plates.  due  to  punching 

Inches.  per  cent. 

tl     Steel    17-8 

I     123 

^     ,,      (Hole  ragged)...     24*5 

The  plates  were  from  0*675  to  0-712  inch  thick. 
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It  was  observed  that  the  effect  of  punching  was  not  only  to 
reduce  the  tenacity,  but  also  to  diminish  the  elongation  before 
fracture,  and  to  cause  the  fracture  to  become  crystalline  instead  of 
silky.  This  is  quite  accordant  with  Barba's  views.  When  f-in. 
punched  holes  were  rimered  out  to  ljr  in.  diameter,  the  loss  of 
tenacity  disappeared,  and  the  plates  carried  as  high  a  stress  as  drilled 
plates.  Annealing  also  restores  to  punched  plates  their  original 
tenacity.  Some  of  these  experiments  are  given  in  a  paper  read 
before  the  Institute  of  Naval  Architects  in  1878. 

Mr.  D.  Adamson  has  found  that,  while  a  series  of  small  holes  in  a 
bar  does  not  diminish  but  rather  increases  the  tenacity  of  the  metal 
left,  a  large  hole  may  cause  a  serious  reduction  of  strength,  particularly 
with  material  which  elongates  little  under  strain.  This  Mr.  Adamson 
explains  as  due  to  the  interruption  of  the  lines  of  force  by  the 
presence  of  the  hole.  The  following  results  obtained  by  him  are 
more  conveniently  given  here  than  later  : — 

Apparent  Tenacity  in  tons 
per  square  inch. 

1.  Solid  plate 29-46N 

2.  One  hole 27*00 ' 


3.  One  hole,  with  turned  pin  driven  in        28*57 


All  of  same  material. 


i'D7  1 

4.  Two  smaller  holes  .         .         .  29-01/ 

5.  Two  holes  (broke  in  solid  part  of 

plate) 63-70 

6.  Iron  tested  across  the  grain,  one  hole 

(broke  through  hole)         .  .  17-41} 

7.  The  same,  two  smaller  holes  (broke  [Same  material. 

in  solid  part  of  plate)        .  .  19  64  ) 

8.  Steel  (same  material  as  in  1),  one 

large  hole       .         .         .  27  ■  522  ) 

9.  The  same,  two  smaller  holes  .  '       .  30-357  rame  lliaterial- 

10.  Solid  plate 58-704] 

11.  One  hole 56-941  \ All  of  same  material. 

12.  Two  smaller  holes  .         .         .  65 -624 J 

In  a  paper  communicated  to  the  Iron  and  Steel  Institute  in  1879, 
Mr.  Barnaby  has  given  a  series  of  experiments  specially  intended  to 
determine  the  influence  of  punching  on  iron  and  steel.  He  has 
found  that  iron  suffers  more  in  punching  when  the  holes  are  near  the 


)U 
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edge  than  when  fartlier  removed  ;  but  in  mild  steel  the  material 
suffers  less  when  the  hole  is  one  diameter  from  the  edge  than  when 
SO  distant  that  there  is  no  bulging  of  the  edge.  Specimens  were 
prepared  with  two  holes  punched  in  each,  and  these  were  shaped  in 
the  slotting  machine  so  that  the  distance  of  the  holes  from  the  edge 
should  always  be  one  rivet  diameter,  and  the  pitch  between  the  holes 
that  usual  in  ship-riveting.  In  some  cases  the  bar  was  shaped  to  the 
required  width  before  punching ;  in  others  the  holes  were  punched 
and  the  plate  shaped  afterwards.  In  the  latter  case  any  bulging  of 
the  edge  of  the  plate  during  punching  was  prevented  by  the  distance 
of  the  hole  from  the  side  of  the  plate. 

Apparent  Tenacity.    Tons  per  sq.  in. 


Unpunched 

plate. 

Punched  before 
shaping. 

Punched  after 
shaping. 

Open  hearth  steel 

27-G 

23-7 

24-5 

Converter  steel    . 

27-5 

21-7 

24-S 

Best  best  iron 

21-5 

19-0 

177 

The  following  experiments  were  on  plates  above  ^  inch  thick,  butt 


Apparent  Tenacity.    Tons  per  sq.  in. 


mealed. 

Not  annealed. 

30-6 

29-84 

30-2 

21-80 

— 

19-90 

2S-6 

21-20 

26-9 

15-25 

— 

IS -30 

jointed  and  treble  riveted : 

Counter-sunk  points — 
Open  hearth  steel     . 
Converter  steel 
Best  best  iron 

Snap  points — 
Open  hearth  steel 
Converter  steel 
Best  best  iron 


The  counter-sinking  was  not  carried  through  the  plate,  so  that 
a  part  of  the  metal  strained  in  punching  was  left.  Comparing  the 
tenacities  with  those  of  solid  unpunched  plates  in  the  previous  Table, 
a  gain  of  strength  for  the  riveted  joints  is  in  some  cases  observed. 
This  Mr.  Barnaby  ascribes  to  the  friction  of  the  riveted  joint. 

To  get  rid  completely  of  the  injury  done  in  punching,  Mr. 
Barnaby  proposes  in  future  to  punch  the  holes  i  inch  less  in  diameter 
than  the  rivet,  and  to  enlarge  the  hole  when  countersinking.  Snap 
riveting  is  only  employed  by  him  for  subordinate  parts. 
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It  may  be  presumed  that  the  low  apparent  tenacity  with 
unannealed  plates  and  snap  points  is  due  to  the  amount  of  injured 
metal  being  greater  than  with  countersunk  points.  But  it  is  not 
•obvious  why  the  tenacity  with  annealed  plates  is  less  for  snap  than 
for  countersunk  points. 

An  exceedingly  complete  and  extensive  series  of  experiments  on 
riveting  is  described  in  a  paper  by  Mr.  David  Greig  and  Mr.  Max 
Eyth,  read  before  the  Institution  of  Mechanical  Engineers  while 
this  report  was  in  preparation.  The  first  experiments  related  to 
Taylor's  Yorkshire  rivet  iron,  and  to  Brown  &  Co.'s  mild  rivet  steel. 
The  tensile  strength  of  the  iron  was  22  ■  2  tons  per  sq.  in.,  and  of 
the  steel  28  ■  8  tons  per  sq.  in.  The  shearing  resistance  of  the  iron 
was  19  tons,  and  that  of  the  steel  22*1  tons.  Some  plates  riveted 
together  were  then  tested,  and  a  somewhat  higher  shearing  resistance 
was  found  than  for  bars  not  formed  into  rivets.  This  is  ascribed 
partly  to  the  rivet  being  increased  in  diameter  to  fill  a  hole  larger 
than  its  normal  size,  partly  to  the  friction  of  the  plates.  Experiments 
on  the  effect  of  the  riveting  pressure  on  the  strength  of  the  rivet 
seemed  to  show  some  increase  of  resistance  as  the  pressure  is 
greater.  This  may  be  due  to  friction,  but  the  matter  requires 
further  investigation.  The  hardening  of  the  rivet  is  a  possible 
cause  of  increased  resistance  of  rivets  as  compared  with  simple  bars, 
as  well  as  the  friction  of  the  plates. 

Experiments  were  made  on  riveted  joints,  the  plates  being  §  in. 
thick,  the  rivets  ■§  in.  diam.,  and  the  holes  drilled  ^  in.  diameter. 
Solid  plates  broke  with  a  mean  resistance  as  follows  : — 

Cammell's  Iron  22-29  tons  per  sq.  in. 

Brown's  Iron  22-26  ,, 

Mean 22-27  ,, 

Cammell's  Steel 25*49  ,, 

Brown's  Steel 26-18  ,, 

Mean 25-83  ,, 

Experiments  on  lap  joints  with  punched  and  drilled  holes  showed 
that  with  drilled  iron  plates  the  apparent  tenacity  of  the  plates  was 
only  8-4  ■  1  per  cent,  of  that  of  undrilled  plates,  while  the  apparent 
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shearing  resistance  of  the  rivets  was  103  per  cent,  of  the  resistance 
of  the  rivet  iron.  The  punched  iron  plates  gave  way  with  an  apparent 
tenacity  75*5  per  cent,  of  that  of  the  unpunched  plate.  The  steel 
joints  all  gave  way  by  shearing  the  rivets,  the  shearing  resistance  for 
drilled  holes  being  108  per  cent,  of  the  shearing  resistance  of  the 
steel  bar  as  given  above,  and  that  for  punched  holes  being  115  per- 
cent. This  confirms  Fairbairn's  experiments  as  to  the  greater  strength 
of  rivets  in  punched  holes. 

Twelve  lap  joints  riveted  in  different  ways  gave  the  following 
results  : — 

Ratio  of  Ratio  of 

Strength  of  Apparent 

Joint  to  that  Tenacity  to 

of  Solid  Plate.  Tenacity  of  Plate. 

Hand  riveted,  iron  joints    -4G5        ...         '825 

Hydraulic  riveted,  iron  joints    '539         ...         '896 

Steam  riveted,  iron  joints   '509        ...         '846 

All  the  steel  joints  gave  way  by  shearing  the  rivets,  the  seam  being 
49,  58,  and  54  per  cent,  of  the  strength  of  solid  plate,  with  hand, 
steam,  and  hydraulic  riveting  respectively.  The  apparent  shearing 
resistance  was  95,  112,  and  107  per  cent,  of  the  shearing  resistance 
of  the  rivet  steel  tested  as  a  bar. 

Specimens  of  iron  lap  joints  with  %  instead  of  ■§■  in.  rivets,  gave  a 
somewhat  greater  resistance,  the  joint  having  57  *  6  per  cent,  of  the 
strength  of  solid  plate. 

Double-riveted  lap  joints  were  then  tested.  Iron  joints,  which 
broke  by  tearing  the  plate  or  shearing  the  rivets,  had  65  per  cent,  of 
the  strength  of  solid  plate.  Steel  specimens  broke  by  shearing  the 
rivets,  the  strength  of  the  joint  being  70  per  cent,  of  that  of  the  solid 
plate. 

Single-riveted  butt  joints  of  iron  gave  way  at  a  strain  equal  to  47 
per  cent,  of  that  which  would  have  broken  solid  plate.  The  strength 
is  about  the  same  as  that  of  single-riveted  lap  joints,  as  might  be 
expected.  The  steel  joints  had  56  per  cent,  of  the  strength  of  solid 
plate,  and  gave  way  by  shearing  as  before.  Double-riveted  butt 
joints  also  gave  nearly  the  same  results  as  double-riveted  lap  joints. 
Butt  joints  with  double  covers  gave  a  somewhat  higher  resistance, 
which  is  attributed  to  the  less  bending  of  the  plates  and  to  the  greater 


April  1881.  form  of  riveted  joints.  317 

friction  between  them.  It  is  however  very  difficult  to  see  that  the 
friction  can  affect  the  tenacity  of  joints  which  give  way,  as  these  did, 
by  tearing  the  plates.  The  strength  of  these  seams  was  from  GO  to 
68  per  cent,  of  that  of  solid  plate. 

Experiments  are  then  given  on  the  strength  of  stayed  surfaces 
and  of  riveted  boilers  tested  by  hydraulic  pressure.  In  these  latter 
the  seams  began  to  leak  at  a  comparatively  moderate  pressure,  and 
the  pumping  power  was  inadequate  to  raise  the  pressure  to  anything 
like  the  bursting  pressure  of  the  boiler.  In  steam-boiler  explosions 
the  action  is  too  sudden  for  such  a  relief  of  pressure  by  leakage  to 
occur. 

(II.)  STEAINING  ACTION  ON  EIVETED  JOINTS. 

A  riveted  joint  is  in  a  certain  sense  an  imperfect  part  of  a  structure. 
It  cannot  be  so  designed  as  to  be  uniformly  strained  throughout.  It 
has  always  certain  surfaces  markedly  weaker  than  the  rest,  at  which 
consequently  deterioration  of  the  material,  or  fracture  by  the  action  of 
the  load,  is  liable  to  occur.  These  surfaces  of  weakness  are  so  related 
that  in  general  the  increase  of  one  involves  a  diminution  of  the  other. 
The  joint  therefore  which  will  carry  the  greatest  load  before  fracture 
will  be  that  in  which  the  stress  reaches  the  breaking  limit  for  each  of 
these  surfaces  simultaneously.  Since  the  rivet  section  can  in  general 
be  increased  only  at  the  expense  of  the  plate  section,  in  the  strongest 
joint  the  rivet  and  plate  will  reach  their  breaking  point  under  the 
same  load.  It  would  seem  therefore  that  the  proportions  of  a 
riveted  joint  could  be  determined  by  the  ordinary  rules  of  applied 
mechanics,  without  the  need  of  experiment.  That  this  is  not  so  is 
probably  mainly  due  to  a  second  condition  of  imperfection  in  riveted 
joints.  To  apply  the  ordinary  rules  for  the  strength  of  materials  to 
riveted  joints,  it  is  necessary  that  the  distribution  of  the  stresses  on 
the  surfaces  of  weakness  should  be  known.  If  those  stresses  were 
distributed  in  the  same  way  as  in  an  ordinary  bar  tested  for  tension  or 
shearing,  the  problem  would  be  simple.  But  in  fact  the  stresses  are 
not  similarly  distributed,  and  the  law  of  their  distribution  is 
unknown.  Consequently  the  average  stress  on  the  surface  of  fracture 
of  a    riveted   joint,   when    broken    by    a   load,  is    not   the  same  as 
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in  an  ordinary  test  bar,  and  needs  to  bo  determined  by  special 
experiments.  Further,  it  may  be  different  for  different  forms 
of  joint.  This  average  stress,  always  less  than  the  maximum 
stress  which  causes  fracture,  is  here  termed  the  apparent  breaking 
stress.  Hence  the  chief  object  of  experiments  on  riveted  joints  is  to 
determine  the  apparent  breaking  stresses,  (1)  for  the  different  surfaces 
at  which  each  joint  may  fracture,  (2)  for  the  different  forms  of  joint. 

In  certain  cases  allowance  may  have  to  be  made  for  progressive 
deterioration  of  a  joint,  by  corrosion  or  otherwise,  which  reduces  the 
strength  in  certain  directions  more  than  in  others.  No  experiments 
showing  the  amount  of  deterioration  in  such  cases  appear  to  have 
been  made. 

Apparent  Tenacity  of  Material. — Let  a  bar  be  broken  at  the 
plane  a  &  of  area  w  (Fig.  1,  Plate  34),  by  a  tension  T  acting  normally 
to  the  section. 

Then  if  the  stress  is  uniformly  distributed  over  the  section  at  the 

T  . 
moment  of  fracture,  the  ratio  -  is  the  real  tenacity  of  the  material. 

T 

But  if  it  is  not  uniformly  distributed,  then  -  is  only  the  apparent 

tenacity ;  and  this  may  be  less  than  the  real  tenacity  to  any  extent 
whatever.  It  may  be  useful  to  consider  under  what  conditions  the 
distribution  of  stress  necessarily  becomes  unequal. 

(1)  It  will  cease  to  be  uniform  if  the  resultant  P  of  the  load  does 
not  pass  through  the  centre  of  figure  of  the  section.  Thus  in  the 
case  shown  in  Fig.  2  the  stress  is  a  varying  stress,  which  however 
varies  regularly  so  long  as  the  limit  of  elasticity  is  not  passed. 
Some  of  the  discrepancies  in  the  results  of  experiments  on  riveted 
joints  are  probably  due  to  want  of  care  in  ensuring  the  coincidence  of 
the  line  of  action  of  the  load  with  the  centre  line  of  the  joint,  in  the 
plane  parallel  to  the  surface  of  the  plates.  Fig.  2  a  shows  how 
unequal  distribution  of  stress  may  arise  from  this  cause.  In  the 
longitudinal  section  of  the  joint  there  is  probably  always  deviation  of 
the  load  from  the  centre  of  figure.  In  lap  joints  the  load  has  to  be 
transmitted  from  one  plate  through  the  rivet  to  the  other  plate  ;  in 
butt  joints  from  one  plate  through  the  rivets  to  the  cover  strip,  and 
back  to  the  other  plate.    In  both  cases,  and  especially  in  the  former 
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•case,  the  eccentricity  of  the  load  appears  to  cause  a  reduction  of 
strength. 

(2)  The  stress  may  be  rendered  unequal  by  the  local  action  of 
contiguous  material.  Thus  a  bar  with  square  corners  (Fig.  3)  is 
known  to  break  with  a  low  apparent  tenacity.  The  unstrained 
material  at  a  prevents  the  elongation  of  the  contiguous  material  at  b, 
which  consequently  gets  an  excessive  proportion  of  the  load,  and  the 
fracture  begins  at  the  corners. 

Now  in  the  portion  of  metal  between  two  rivet  holes  a  similar 
action  probably  occurs.  The  outside  fibre  a  b  (Fig.  4)  has  less 
freedom  of  elongation  than  the  central  fibre  c  d,  because  it  is  attached 
to  the  comparatively  unstrained  material  behind  the  rivet.  Hence, 
instead  of  breaking  simultaneously  over  the  whole  section,  fracture 
probably  begins  at  the  edges  of  the  hole,  and  then  proceeds  because 
the  reduction  of  area  causes  increase  of  stress  in  the  part  remaining 
unbroken.  This  is  sometimes  shown  by  the  fact  that  the  parts  of  the 
plate  will  not  fit  after  fracture.  There  appears  to  be  a  slight  reduction 
of  strength  in  plates  with  a  hole  drilled  in  them,  as  compared  with 
solid  plates,  and  this  is  probably  due  to  the  cause  now  under 
consideration.  It  is  also  probable  that  this  reduction  of  strength 
may  really  be  greater  than  appears  in  these  experiments.  Short 
bars  are  known  to  give  a  higher  average  tenacity  than  long  bars. 
Now  a  bar  with  a  hole  drilled  in  it  is  virtually  a  very  short  bar,  and 
it  ought  therefore,  if  there  were  no  cause  of  diminution  of  strength, 
to  show  a  higher  tenacity  than  ordinary  test  bars.  But  in  fact  there 
is  generally  a  loss  of  strength.* 

*  In  some  experiments  there  is  a  curious  apparent  increase  of  strength  after 
drilling.  Thus  in  one  of  Mr.  Stoney's  experiments  the  drilled  plate  was  7J  per 
cent,  stronger  than  the  undrilled  plate.  In  some  experiments  by  Mr.  Parker  the 
plain  plate  carried  26  ■  i  tons,  while  a  plate  punched  and  annealed  carried  31*7 
tons.  See  also  the  Table  of  treble-riveted  joints  given  further  on.  Mr.  Adamson 
also  finds  that  the  tenacity  through  a  line  of  drilled  holes  is  a  little  greater  than 
the  tenacity  of  the  plate  before  drilling.  Discrepancies  of  this  kind  may  be  due  to 
the  holes  causing  fracture  at  a  section  stronger  per  square  inch  than  other  parts 
of  the  plate.  An  ordinary  test  bar  breaks  at  the  weakest  part  of  a  more  or 
less  considerable  length  of  bar. 
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(3)  If  the  material  in  the  neighbourhood  of  the  surface 
of  fracture  is  initially  (before  the  application  of  the  load)  in 
an  irregularly  strained  condition,  or  has  in  different  parts  unequal 
power  of  elongating,  then  the  stress  will  not  be  uniform  at  the 
moment  of  fracture,  and  the  apparent  tenacity  will  be  less  than 
the  real  tenacity.  This  is  the  cause  of  the  loss  of  strength  due 
to  punching.  By  the  action  of  the  punch  metal  is  caused  to  flow 
laterally  into  the  surrounding  metal.  This  induces  initial  stresses 
in  an  annulus  of  metal  round  the  hole,  and  very  probably  also,  as 
M.  Barba  thinks,  alters  its  power  of  elongation.  If  the  power 
of  elongating  is  diminished  in  part  of  the  metal,  that  part  gets  an 
excessive  proportion  of  the  load,  and  breaks  before  the  rest  is  fully 
strained.  The  result  of  either  loss  of  tenacity  or  loss  of  ductility 
is  to  diminish  the  apparent  tenacity  of  the  metal,  to  an  extent  which 
certainly  reaches  in  some  cases  20  to  30  per  cent.  Fig.  5,  Plate  34, 
shows  a  possible  condition  of  the  bar  after  punching,  the  ordinates 
of  the  full  black  curves,  measured  from  the  centre  line,  representing 
the  stresses.  Immediately  round  the  hole  is  an  annulus  in  which 
the  stress  is  compressive,  the  compression  being  due  to  material  forced 
in.  To  balance  the  forces  in  this  ring,  an  annulus  in  which  the  stress 
is  tensile  must  surround  it. 

In  some  experiments  there  appears  to  occur  a  serious  diminution 
in  the  apparent  tenacity  of  riveted  joints  when  the  bearing  surface 
of  the  rivets  on  the  plates  is  too  small,  and  when  consequently  the 
crushing  pressure  between  the  rivet  and  plate  is  excessive.  It 
is  possible  that  this  is  due  to  an  action  like  that  which  occurs  in 
punching.  The  pressure  of  the  rivet  may  cause  a  lateral  flow  of 
the  metal,  and  alter  either  the  stress  or  the  elasticity  of  a  ring 
of  metal  round  it.  The  stress  on  the  tearing  section  being  then 
unequal,  a  low  apparent  tenacity  is  observed. 
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(III.)  EXPEEIMENTS  TO  DETERMINE  DIEECTLY 
THE  BREAKING  STRESS. 

Tenacity  of  Iron  and  Steel  Plates.— The  following  are  the  principal 
values  of  the  tenacity  of  iron  and  steel  in  the  memoirs  of  which 
abstracts  have  been  made : — 

Iron. 

Tenacity,  Tons  per  sq.  in. 
With  Fibre.  Across  Fibre. 


Fairbairn 

22-5 

...       23-0 

Koberts  (Baldwin's  Paper) 

17-92 

Parker  (Best  Best)    . 

23-3 

Stoney      . 

18-54 

„                              .         , 

22-00 

„           ... 

21-43 

„                    .         .         . 

24-00 

Fletcher   . 

21-19 

Easton  and  Anderson 

18-7 

...       14-0 

„                    ,,                  , 

21-5 

...      20-5 

Bamaby  . 

21-5 

Greig  and  Eyth 

22-27 

Steel. 

Eiley 

31-20 

31-25  Unannealed 

,9                            •                     •                     • 

28-85 

...      28-78  Annealed. 

Kirk 

28-34 

Boyd 

28-7 

Parker 

27-89 

Martell     . 

28-93 

Barnaby,  Open  hearth 

27-6 

„        Converter     . 

27-5 

Greig  and  Eyth 

25-83 

"Where  the  direction  of  fracture  is  not  stated,  it  is  assumed  that 
the  load  was  applied  in  the  direction  of  the  fibres.  The  tenacity  of 
iron  is  on  the  average  ten  per  cent,  less  in  a  plane  perpendicular  to 
the  direction  of  rolling,  than  in  a  plane  parallel  to  the  direction  of 
rolling :  with  steel  there  is  no  sensible  difference. 


Apparent  Tenacity  of  Punched  and  Drilled  Plates. — The  apparent 
tenacity   of  punched   and    drilled    plates   must    be   obtained   from 
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experiments  on  single  plates,  with  one  or  more  holes  in  the  line  of 
fracture.  In  experiments  on  riveted  joints  there  is  a  certain  ami  unit 
of  bending  and  crushing  action,  and  the  diminution  of  tenacity  is 
greater  than  that  due  simply  to  punching  or  drilling.  Two  experi- 
menters, Mr.  Cochrane  and  Mr.  Riley,  the  former  testing  Lowmoor 
and  ordinary  iron,  the  latter  Landore  steel,  have  found  that  neither 
punching  nor  drilling  had  any  sensible  effect  in  altering  the  tenacity 
of  the  metal.  In  the  latter  case  holes  were  punched  or  drilled  in 
the  edge  of  a  strip.  Probably  in  that  case  the  compressive  action  is 
less  than  when  a  hole  is  made  in  a  wide  strip,  and  consequently  the 
injury  to  the  plate  is  less.  In  Mr.  Cochrane's  experiments  the  strip 
was  so  narrow  that  it  could  expand  laterally  under  the  action  of  the 
punch.  The  right  method  in  making  such  experiments  would  seem 
to  be  to  form  the  holes  in  a  wide  plate,  which  is  afterwards  cut  into 
strips  suitable  for  experiment. 

Mr.  Stoney  has  found  in  three  iron  plates  with  drilled  holes,  a 
diminution  of  from  2*6  to  9*2  per  cent,  of  tenacity,  and  in  one  plate 
an  increase  of  7  •  5  per  cent.     Average  loss  2  ■  05  per  cent. 

Mr.  Kirk  gives  some  experiments  showing  that  iron  and  steel 
plates  with  drilled  holes  are  stronger  than  with  punched  holes ; 
but  he  does  not  give  the  tenacity  of  the  undrilled  plate.  With 
a  thinner  steel  plate,  £  in.  thick,  he  appears  to  have  obtained  the 
following  results: — 


Undrilled  plate 
Drilled  plate  . 
Drilled  each  side 


Mr.  Boyd  found  in  steel  plates  a  loss  of  2*15  per  cent,  due  to 
drilling.  Mr.  Martell  found  no  appreciable  loss.  The  remarkable 
results  obtained  by  Mr.  Adamson,  and  already  commented  on,  should 
be  compared  with  the  results  here  given. 

Putting  aside  the  experiments  mentioned  above,  all  other 
experiments  show  a  considerable  diminution  of  tenacity,  in  both  iron 
and  steel  plates,  due  to  punching.  In  Mr.  Barnaby's  earlier  experiments 
the  loss  is  exceptionally  large,  and  it  is  possible  that  the  sides  of 
the  plate  were  sheared  in  his  experiments  as  well  as  the  holes  punched. 


Tenacity. 
Unannealed.            Annealed, 

29 

•7-i       .. 

.      29-30 

29' 

50       .. 

.       28' 

45 

,, 

,,          .. 

.       29 

•50 
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In  M.  Barba's  experiments  the  proportionate  loss  of  tenacity 
increases  as  the  ratio  of  width  of  plate  to  diameter  of  hole  increases. 
It  may  be  presumed  that  this  is  due  to  the  narrow  strips  yielding 
more  in  width  than  wide  ones  under  the  action  of  the  punch.  But 
this  yielding  could  not  occur  with  ordinary  plates,  and  it  is  doubtful 
therefore  if  M.  Barba's  experiments  afford  a  satisfactory  measure 
of  the  loss  of  strength  in  punching  wide  plates.  Mr.  Kirk 
proceeded  in  a  more  satisfactory  manner,  punching  a  wide  strip  and 
then  slotting  it  into  strips  suitable  for  experiment. 


EXPERIMENTS  ON  TENACITY  OF  PUNCHED  IRON  PLATES. 


Thickness 

Width 

Number 

Diameter 

Loss  of  Tenacity  in 

Authority. 

of 

of 

of 

of 

Tenacity. 

per  cent,  of 

Plate. 

Plate. 

Holes. 

Holes. 

original  strength. 

Inches. 

Inches. 

Inches. 

| 

0-625 

2J 



0-875 

16-4 

Baniaby    .  < 

0-375 

2 

— 

0-75 

17-45 

( 

0-375 

2 

— 

0-75 

16-66 

0-375 

3 

1 

0-75 

15-4 

15-6) 

Stouey       .  < 

0-375 

4 

2 

0-875 

19-24 

10-2 1      Mean 

0-375 

8 

5 

0-875 

22-22 

7-4j      11-45 

( 

0-375 

8 

5 

0-875 

21-97 

12-61 

Fletcher    . 

— 

— 

— 

— 

20-15 

5 

f\ 

1-15 

— 

1 

1-18 

15-27*1   1S 

15-95*  )  Lb 

Kirk     .     .1 

116 

— 

1 

1-18 

1-17 

— ■ 

1 

1-22 

16-81-M     o 
17-02-j-  /     a 

I 

1-16 

— 

1 

1-22 

Mavtell      . 

0-8 

— 

— 

— 

— 

20  to  23 

/ 

— 

1-21 

1 

0-6G 

16-81 

5 

1 

— 

1-95 

1 

0-66 

16-69 

51 

Baiba  .      .  < 

— 

2-62 

1 

0-66 

15-10 

14 

j 

— 

3-35 

1 

0-66 

14-72 

17 

I 

— 

4-05 

1 

0-66 

14-79 

16 

Maynard  .  1 
( 

0-54 

2-8 

1 

— 

— 

19  J 

Barnaby    . < 

to 
0-75 

to 
3-3 

1    2 

1-00 

19-0 

11  §§ 

„         • 

? ■> 

5  » 

1  5 

?  > 

17-7 

17** 

Parker ,      .  < 

0-74 
0-74 

4-0 
4-0 

1 
1 

11&117 

1-1&1-32 

IS -19 
18-93 

jis-s 

*  Hole  iu  die-block  I  in.  larger  in  diameter  than  punch. 

f  Hole  in  die-block  \  in.  larger  in  diameter  than  punch. 

X  This  is  loss  of  punched  as  compared  witli  drilled  plate. 
§§  Punched  before  shaping. 
**  Punched  after  shaping. 
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EXPERIMENTS  ON  TENACITY  OF  PUNCHED  STEEL  PLATES. 


Thickness 

Width 

Number 

Diameter 

Loss  of  Tenacity 

of 

of 

of 

of 

Tenacity. 

In  per  cent,  of 

Plate. 

Plate. 

lIuli'S. 

Bol  s. 

iriginal  strength. 

Inches. 

Inches. 

Inches. 

Barnaby    .  < 

0-625 

2| 

0-875 

14-5 

0-375 

2 

0-75 

18-54 

Wilson 

0  375 

2 

0-75 

22 -OS 

23 

/ 

0-75 

— 

1-02 

17-96* 

}  33 

0-75 

— 

1-02 

11-18* 

Kirk    .      . 

0-75 

— 

105 

23-21f 

}» 

j 

0-75 

— 

1-05 

20-40f 

0-25 

— 

0-75 

29-10 

2 
51 
35 

Boyd    .      . 







— 

— 

— 



— 

21-15 

31 

Martell      . 

0-8 

— 



— 

— 

22  to  33 

, 

0-27 

1-24 

0-66 

26-98J 

J 

0-27 

1-95 

0-66 

2611J 

1 

0-27 

2-65 

0-66 

24-39J 

j 

0-27 

3-35 

0-66 

23-09J 

| 

0-27 

4-05 

0-66 

23-88J 

Barba  . 

0-27 

4-75 

0-66 

23-3JI 

0-27 

1-24 

0-66 

31-95§ 

0  27 

1-95 

0-66 

27-85§ 

0-27 

2-65 

0-66 

25-25§ 

0-27 

3-35 

0-66 

23-27§ 

0-27 

4-05 

0-66 

23-57§ 

1 

0-27 

4-75 

0-66 

23-98§ 

Barnaby      J 

0-6 

2-9 

)                   ( 

0-8751 

(Open-      | 

to 

to 

2 

to     } 

23-7 

13§§ 

hearth.)    ) 

0-7 
0:54  ] 

3-3 
» > 

1                    i 

»  ) 

( 

1      1 

0-8751 

24-5 

11** 

Barnaby      1 
Converter] 

i ) 

to     } 
0-72  ) 

'    1 

21-7 
24-8 

21§§ 

9** 

0-687 

4-0     | 

Semi-hole 

at each  edge 

}    1.&1A 

22-92 

17-8 

0-7 

4-26 

1 

1-1  &1-35 

24-46 

12-3 

0-7 

4-26 

1 

10&  1-35 

21-04 

24-5 

0-75 

— 

2 

1-09  &  1-11 

20-00 

24-2 

0-75 

— 

2 

1-08  &  1-24 

18-69 

28-7 

Parker  ft  • 

0-75 

Si 

2 

1-09  &  1-19 

20-50 

1  30-0 

\ 

0-75 

Si 

2 

1-09  &  1-22 

19 -OS 

0-25 

2 

0-69  &  0-74 

29-48 

8-1 

0-375 

— 

2 

0-84  &  0-94 

24-06 

1S-7 

!     0-468 

— 

2 

0-97  &  1-11 

21-38 

26-2 

0-593 

— 

2 

0-96  &  1-1 

19-57 

33-8 

0-75 

? 

n 

19-80 

33-0 

*  Hole  in  die-block  T's  in.  larger  than  punch,  f  Hole  in  die-block  |  in.  larger 
than  punch.     J  Cylindrical  punching.     Hole  in  die  0-76  in.  diam. 

§  Conical  punching.    Hole  in  die  0-82  in.  diam.      §§  Punched  after  shaping. 

**  Punched  before  shaping,  ft  The  two  dimensions  in  fifth  column  for  these 
experiments  are  diameters  of  punch  and  hole  in  die -block. 
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These  experiments  cannot  but  be  regarded  as  extremely 
discordant  both  for  iron  and  steel,  and  they  do  not  afford  any 
adequate  guide  in  predicting  the  probable  loss  of  tenacity  due  to 
punching  in  different  cases.  But  they  show  that  that  loss  depends 
on  the  following  circumstances:  —  (1)  The  material;  (2)  the 
diameter  of  the  punch,  or  probably  the  ratio  of  diameter  of  punch 
to  thickness  of  plates ;  (3)  the  width  of  metal  round  the  hole, 
or  probably  the  ratio  of  diameter  of  punch  to  pitch  of  riveting ; 
(4)  the  ratio  of  diameter  of  punch  to  diameter  of  hole  in 
die-block.  If  further  experiments  on  this  subject  were  made,  it 
would  seem  most  desirable  to  select  extremely  uniform  qualities 
of  iron  and  steel,  so  that  a  few  experiments  only  should  be 
necessary  to  obtain  average  values.  Further,  it  would  seem  extremely 
desirable  not  to  confine  the  experiments  to  strips  with  a  single  hole. 
Mr.  Stoney's  experiments,  in  which  some  test  bars  had  five  punched 
holes,  rather  seem  to  indicate  that  the  proportionate  loss  is  greatest 
in  bars  with  only  one  hole. 

In  an  experiment  by  Mr.  Adamson  the  strength  was  increased  by 
driving  a  pin  into  the  hole,  so  as  to  prevent  the  metal  round  the  hole 
from  collapsing  into  an  elliptical  shape.  As  the  holes  in  riveted  joints 
are  in  this  condition,  it  would  be  desirable  to  repeat  this  experiment. 

In  a  single  experiment  by  Mr.  Sterne,  it  appeared  that  a  spiral 
punch  injured  the  material  less  than  an  ordinary  punch  to  the  extent 
of  about  7  or  8  per  cent. 

Apparent  Tenacity  of  Annealed  and  Himered  Plates. — All  the 
experiments  indicate  a  complete  restoration  of  the  original  tenacity 
of  the  iron  or  steel,  if  the  plate  is  annealed  after  punching,  or  if  a 
narrow  ring  0*04  in.  to  0*08  in.  wide  is  rimered  out  of  the  punched 
hole.  These  processes,  by  removing  straining  action  or  by  removing 
the  strained  metal,  bring  back  the  bar  to  the  condition  of  a  bar  with 
drilled  holes.  In  a  few  experiments  the  material  appears  to  gain  a 
little  in  strength  by  annealing. 

Apparent  Sliearing  Resistance  of  Rivet  Iron  and  Steel. — The  true 
shearing  resistance  of  the  rivets  cannot  be  ascertained  from 
experiments  on  riveted  joints,  (1)  because  the  uniform  distribution 

2  E 
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of  the  load  over  all  the  rivets  oannot  be  ensured ;  (2)  because  the 
friction  of  the  plates,  which  has  the  effect  of  increasing  the  apparent 
resistance  to  shearing,  is  an  element  uncertain  in  amount.  Probably 
in  the  case  of  single-riveted  joints  the  shearing  resistance  is  not 
much  affected  by  the  friction ;  but  for  the  present  attention  will  be 
confined  to  special  experiments  on  shearing. 


Iron,  single  shear  (12  bars) 
double  shear  (8  bars) 


f  in.  rivets 

1  in-      » 

mean  value 

|  in.  rivets 
Steel 
Landore  steel,  f  in.  rivets 

„  „      mean  value 

Brown's  steel    . 


Ultimate  Shearing  Stiess 
in.  tons  per  sq.  in. 

.     24-15  \ 

.     22-10/ 

.     22-62    Barnaby. 

.     22-30 
28-05  to  25-57) 
24-32  to  27-94 

.     25-0  ) 

.     19-0.1 

17  to  26 
31-67  to  33-69] 
30-45  to  35-73> 

.     32-3  j 

.     22-18    Greig  and  Eytli. 


Clark. 


Rankine.* 

Riley. 

Greig  and  Eyth. 
Parker. 

Riley. 


*  Deduced  from  Doyne'a  experiments. 

Fairbairn's  experiments  show  that  a  rivet  is  6i  per  cent, 
weaker  in  a  drilled  than  in  a  punched  hole.  By  rounding  the  edge 
of  the  rivet  hole  the  apparent  shearing  resistance  is  increased  12  per 
cent.  Mr.  Maynard  found  the  rivets  4  per  cent,  weaker  in  drilled 
holes  than  in  punched  holes.  But  these  results  were  obtained  with 
riveted  joints,  and  not  by  direct  experiments  on  shearing.  It  must  be 
remembered  that  there  is  a  good  deal  of  difficulty  in  determining  the 
true  diameter  of  a  punched  hole,  and  it  is  doubtful  whether  in  these 
experiments  the  diameter  was  very  accurately  ascertained.  Messrs. 
Greig  and  Eyth's  experiments  also  indicate  a  greater  resistance  of 
the  rivets  in  punched  holes  than  in  drilled  holes. 

If,  as  appears  above,  the  apparent  shearing  resistance  is  less  for 
double  than  for  single  shear,  it  is  probably  due  to  unequal  distribution 
of  the  stress  on  the  two  rivet  sections. 

The  shearing  resistance  of  a  bar,  when  sheared  in  circumstances 
which  prevent  friction,  is  usually  less  than  the  tenacity  of  the  bar. 
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The  following   results,    which    are    perhaps  not    all   that    could  be 
found,  show  the  decrease. 

Tenacity  cbp.iring  „     . 

of  Bar.  Resistance.  lutl°- 

Harkort,  Iron    26-4  16-5 062 

Lavalley,  Iron  25'4  20-2        0-79 

Greig&Eyth.Iron 22-2  19-0        0-85 

Steel 28-8  22'1        0'77 

In  Wohler's  researches  (in  1870)  the  shearing  strength  of  iron 
was  found  to  be  i  of  the  tenacity.  Later  researches  of  Bauschinger 
confirm  this  result  generally,  but  they  show  that  for  iron  the  ratio  of 
the  shearing  resistance  and  tenacity  depends  on  the  direction  of  the 
stress  relatively  to  the  direction  of  rolling.  The  above  ratio  is  valid 
only  if  the  shear  is  in  a  plane  perpendicular  to  the  direction  of 
rolling,  and  if  the  tension  is  applied  parallel  to  the  direction  of 
rolling.  The  shearing  resistance  in  a  plane  parallel  to  the  direction 
of  rolling  is  different  from  that  in  a  plane  perpendicular  to  that 
direction,  and  again  differs  according  as  the  plane  of  shear  is 
perpendicular  or  parallel  to  the  breadth  of  the  bar.  In  the  former 
case  the  resistance  is  18  to  20  per  cent,  greater  than  in  a  plane 
perpendicular  to  the  fibres,  or  is  equal  to  the  tenacity.  In  the  latter 
case  it  is  only  half  as  great  as  in  a  plane  perpendicular  to  the  fibres.* 

Friction  of  Riveted  Plates. — Mr.  Clark  made  some  experiments 
to  determine  the  friction  of  plates  riveted  together,  the  pressure 
between  the  plates  being  due  to  the  contraction  of  the  rivet  in 
cooling.  These  experiments  gave  for  the  friction,  estimated  per 
sq.  in.  of  rivet  section — 

4-66,        3-72,        6-61,        7-SStons. 
Mean  5*72  tons. 

Researches  on  friction  and  shearing  made  by  Harkort,  are  given 
in  Yon  Raven's  Cullectaneen.  The  specimens  were  prepared  in  the 
form  shown  in  the  three  Figs.  7,  Plate  34.  Specimens  with  the  rivet  in 
double  shear  (Fig.  7  A)  were  riveted  hot.  Specimens  (Fig.  7  B)had  a 
pin  driven  in,  so  that  there  should  be  no  friction  due  to  the 
contraction  of  the  rivet.     Lastly,  specimens  (Fig.  7  C)  were  riveted 

*  Muller.     Beitrage  zu  der  Vernietung  eiserner  Briicken. 

2   E   2 
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hot  with  the  rivet  in  single  shear.  Calling  fs  the  shearing  resistance 
and  ff  the  friction  between  the  plates  for  each  rivet,  then  the  tension 
required  to  break  the  joint  would  be, 

In  case  A.     Ta  =  2/,-f  2/> 
„      B.     T{,  =  2/s 
„      C.     Tc=fs+ff 

tr  /•       -La—  -Lb      rr  b 

Hence  ff=-    2      =TC— g 

fs=  -2-ff=-<r[  =  Tc-ff 

Reducing  results  with  J  in.  rivets,  the  friction  was  found  to  amount 
to  4*65  tons  per  sq.  in.  of  rivet  area,  and  the  shearing  resistance  of 
the  rivets  was  16*5  tons  per  sq.  in.  The  absolute  tenacity  of  the 
rivet  iron  was  26 '  4  tons  per  sq.  in.  Hence  the  shearing  resistance 
was  little  more  than  ^  of  the  tenacity.  Lavelley  made  experiments 
for  Gouin  &  Co.,  and  found  the  shearing  resistance  of  bars  fixed  in  a 
steel  fork  to  be  20*2  tons  per  sq.  in.,  with  iron  having  a  tenacity  of 
25  •  4  tons  per  sq.  in.  Six  experiments  to  determine  the  friction  gave 
a  mean  of  10  tons  per  sq.  in.  of  rivet  area. 

If  this  friction  subsisted  unimpaired  till  the  fracture  of  the  joint,  the 
apparent  shearing  resistance  would  be  increased  by  the  whole  amount 
here  given.  But  as  to  produce  this  amount  of  friction  the  rivet  must 
be  strained  beyond  its  elastic  limit,  the  tension  of  the  rivet  probably 
relaxes  a  little  in  course  of  time.  When  the  tension  in  the  rivet  does 
not  exceed  its  elastic  resistance,  the  friction  may  probably  amount  to 
3  or  3^  tons  per  sq.  in.  of  rivet  section.  In  the  approach  towards 
fracture  even  this  amount  of  friction  is  probably  almost  or  quite 
destroyed. 

In  some  experiments  by  Mr.  Parker  it  appeared  that  with  lap 
joints  there  is  a  sensible  separation  of  the  plates  at  the  edge  of  the 
overlap  with  one-eighth  of  the  ultimate  breaking  weight.  Mr.  Parker 
infers  that  the  plates  slip  and  separate  so  much  before  fracture  that, 
in  these  joints,  the  friction  is  destroyed  before  the  breaking  point  is 
reached.  The  looseness  of  the  rivets  in  the  holes  of  some  treble- 
riveted  lap  joints  broken  by  tension,  which  are  in  Mr.  Parker's 
possession,  is  very  remarkable. 
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In  Messrs.  Greig  and  Eyth's  experiments  three  strips  were 
connected  by  a  rivet  so  that  the  rivet  was  in  double  shear.  The 
riveting  was  done  by  different  machines,  and  then  the  rivet  was 
broken  by  shearing.  It  appeared  that  the  shearing  resistance  was 
highest  with  joints  riveted  by  the  machines  which  worked  with  the 
greatest  pressure.  With  steel  riveta  f  in.  diameter,  in  -j-jl  in. 
drilled  holes,  the  pressure  on  the  rivet  when  riveting  and  the 
shearing  stress  were  as  follows: — 


Steam,  riveter 

Pressure  on 

Riyet  in 

tons. 

37       .. 

Shearing 

Resistance. 

Tons  per  sq.  in. 

.       25-74 

Stationary  hydraulic  riveter   . 

39       .. 

.       23-SO 

Portable  hydraulic  riveter 

20       .. 

.       22-78 

Power  riveter,  light 

31       .. 

.      22-50 

„          5l        heavy 

52       .. 

.       23-76 

If  there  is  a  real  difference  in  the  shearing  resistance  with 
different  riveting  pressures,  it  must  be  due  to  friction,  or  to  some 
change  in  the  strength  of  the  material  in  the  process  of  riveting. 
The  difficulty  in  ascribing  it  to  the  former  cause  is  this,  that  it  is 
not  probable  that  a  red-hot  rivet  can  retain  the  compression  it 
receives  from  the  riveting  machine.  It  has  hitherto  generally  been 
assumed  that  the  clipping  together  of  the  plates  which  produces 
friction  is  due  to  the  contraction  of  the  rivet  in  cooling,  and  not  to  the 
pressure  put  upon  it  by  the  riveting  machine. 

Mr.  Kirk  has  recently  shown  to  the  Eeporter  some  joints  cut 
through  after  riveting.  These  appear  to  show  that  in  thick  plates  a 
tighter  joint  is  obtained  by  continuing  the  riveting  pressure  for  a 
sensible  period,  instead  of  removing  it  at  once  as  in  ordinary  machine 
riveting.  The  point  is  not  quite  clearly  made  out,  but  it  deserves 
further  investigation.  It  does  not  seem  at  all  impossible  that  thick 
plates  may  spring  a  little,  while  the  rivet  is  still  red  hot,  and  it  would 
be  very  objectionable  if  this  were  really  the  case. 

Pressure  on  the  hearing  surface  of  the  Rivet. — If  P  is  the  tension  on 
a  joint  corresponding  to  one  rivet,  d  the  diameter  of  the  rivet,  and  t 
the  thickness  of  the  plate,  then 

fcTd 
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may  be  defined  as  the  mean  crushing  pressure  of  the  rivet  on  the 
plate.  Putting  /,  for  the  shearing  resistance  of  the  rivet,  then,  the 
rivets  being  in  single  shear, 

fctd=fq-d2=-.P 
fc  d 

/;  =  *78V 

or  the  crushing  pressure  is  greater  as  the  ratio  of  the  rivet  diameter 
to  the  thickness  of  plates  is  greater.  This  is  sometimes  given  as  the 
reason  why  the  rivet  diameter  should  not  exceed  2i  to  3  times  the  plate 
thickness.  It  is  by  some  writers  asserted,  that  if  in  any  case  fc  is  more 
than  30  or  40  tons  per  sq.  in.  for  iron  joints,  then  the  joint  gives  way 
with  a  very  low  apparent  tenacity.  During  the  application  of  the  load 
the  rivet-hole  becomes  oval,  the  metal  of  the  plate  is  crushed  and  its 
tenacity  diminished.  The  precise  way  in  which  the  crushing  affects 
the  tenacity  has  not  hitherto  been  indicated;  but  it  is  suggested  above 
that  it  produces  an  unequal  distribution  of  the  stress  similar  to  that 
induced  by  punching.  There  are  no  direct  experiments  on  the 
crushing  of  iron  and  steel,  which  are  of  any  value  in  determining  the 
proper  limits  of  crushing  pressure  for  riveted  joints.  But  it  will  be 
convenient  to  discuss  here  some  results  obtained  with  actual  joints 
which  have  a  bearing  on  this  question. 

To  the  Reporter  it  appears  that  there  is  no  definite  assignable  value 
of  fc  at  which  crushing  action  occurs.  From  the  very  irregular 
distribution  of  the  pressure  on  the  surface  of  the  rivet  it  is  probable 
that  the  maximum  pressure  of  the  rivet  on  the  plate  is  much  greater 
than  its  mean  value  fc.  Then  for  moderate  values  of  fc  (25  to  30  tons 
per  sq.  in.  for  instance)  the  maximum  pressure  might  be  50  or  60  tons, 
and  under  that  pressure  some  crushing  would  almost  certainly  occur. 
Some  experiments  seem  to  show  that  while  there  is  deterioration  of  the 
tenacity,  even  with  ordinary  values  of  fc,  that  deterioration  increases 
as  fc  increases,  and  is  very  serious  indeed  if  fc  amounts  to  40  or  45 
tons  per  sq.  in.,  that  is  in  the  case  of  iron  plates.  For  steel  plates  no 
experiments  hitherto  made  show  any  great  diminution  of  tenacity 
attributable  to  crushing  action,  although  in  some  experiments  the 
value  of  fc  reaches  to  40  or  50  tons  per  sq.  in. 

Let  Fig.   8,  Plate   34,   represent   an  ordinary  joint.      Then   it 
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is  known  that  the  pressure  of  the  rivet  on  the  plate  must 
be  zero  at  the  points  o  o,  and  increase  to  a  maximum  midway 
between  them.  Let  P  be  the  total  stress  on  the  joint  corresponding 
to  one  rivet,  and  p  be  the  intensity  of  the  pressure  at  any 
point,    between   the    rivet    and    plate,    normal    to    the    surfaces   in 

contact.     Let  t  -  8a  be  an  element  of  surface  of  the  rivet  subtended 

by  the  angle  8a  in  the  neighbourhood  of  that  point.     Then  the  whole 

pressure  on  that  element  of  surface  is  p  t  -  8a,  and  its  component  in 

the  direction  of  the  load  on  the  joint  is  p  t  ~  8a  cos  a.     Ilence 

TT 
P 

P  =  t  d  \    p  cos  a  8a 

Assume  that*  p  =p„MX  cos  a 

TT 

■2 

then  P  =  t  d  pmnr  I     cos2  a  S& 


t^ 


=Pmax  *  d  J 

But 

P=fctd 

Hence 

Pmm=V27fc, 

or  the  maximum  crushing  pressure  is  1  •  27  times  the  mean  crushing 
pressure.  But  it  is  also  extremely  probable  that,  in  a  plane  at  right 
angles  to  that  thus  far  considered,  there  is  also  a  variation  of  pressure 
The  pressure  at  the  points  AA,  Fig.  9,  Plate  34,  must  be  greater  that 
that  at  BB,  and  if  this  variation  were  taken  into  consideration,  we 
should  get  a  much  higher  value  for  the  ratio  ^~. 

*  If  the  rivet  is  assumed  to  remain  cylindrical  while  crushing  the  plate  (or 
the  rivet-hole  while  the  rivet  is  crushed),  then  the  amount  of  crushing, 
measured  in  the  direction  of  the  movement  of  the  rivet,  will  be  constant  for  all 
parts  of  the  rivet-hole,  and  the  crushing  measured  normally  to  the  rivet  surface 
will  vary  as  cos  a.  This  gives  the  variation  of  normal  pressure  assumed  above. 
When  however  the  elastic  limit  has  been  passed,  and  actual  crushing  of  the  plate 
or  rivet  has  occurred,  the  pressure  will  tend  to  become  of  uniform  intensity. 
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In  the  following  Table  are  enumerated  all  the  experiments  which 
seem  to  afford  information  about  the  limits  of  crushing  pressure. 
Taking  Fairbairn's  experiments  for  instance,  and  comparing  together 


EXPERIMENTS  SHOWING  DEPENDENCE  OF  APPARENT 

TENACITY  ON  CRUSHING  PRESSURE  IN 

IRON  PLATES. 


Tenacity 

Loss  of 

Form  of  Joint. 

Crushing 
Pressure. 

Apparent 
Tenacity 

of 
original 

Tenacity 
due  to 

of  Joint. 

Plate. 

Crushing. 

Lap,  single  riveted 

\   37-4 

18 

7 

IJ                     1*                     15                      • 

I    29 

85 

19 

9 

fc 

„       double      „ 

'    34 

95 

23 

3 

5 

34 

30 

21 

8 

< 
a 

|    20 

10 

26 

1 

< 

'l  22 

90 

24 

7 

Butt,  double,  one  cover 

I    25 

90 

24 

1 

„        single,  two  covers 

51                     51                    55                55 

'    42 

I;  29 

06 

10 

23 

27 

9 

1 

Lap,  single  riveted 

26 

13 

21 

1 

P 

„      double    „ 

16 

39 

25 

57 

< 

Butt,  double  riveted    . 

33 

34 

19 

63 

M 

32 

03 

20 

34 

M 

28 

19 

20 

08 

?>           ?>           »> 

27 

93 

17 

50 

Lap,  single  riveted 

41 

81 

12 

95 

g 

)»          »t           » 

38 

82 

12 

06 

Sn 

,i          "           ??           • 

37 

93 

11 

74 

o 

03 

Butt,  single  riveted     . 

45 

16 

13 

98 

M 

n          »i           •» 

»>          )i           'i 

42 
41 

07 
44 

12 
12 

97 
83 

Lap,  single  riveted,  punched 

29 

56 

14 

24 

22-00 

7-76 

>i                ii                    » 

24 

84 

14 

67 

18-54 

3-87 

»                >>                    »i 

22 

08 

16 

77 

21-43 

4-66 

11                                 11                                         M 

21 

10 

16 

00 

21-43 

543 

»1                                I>                                         )> 

19 

50 

20 

48 

21-43 

0-95 

Jm 

5,                                    »>                                             55 

18 

80 

19 

76 

21-43 

1-67 

91                                     »•                                             55 

17 

31 

18 

22 

24-00 

5-78 

o 
& 

CG 

drilled 

28 

75 

20 

90 

22-00 

110 

>1                                    15                                             55 

26 

35 

15 

57 

22-00 

6-43 

24 

39 

18 

52 

21-43 

2-91 

).                                1!                                         5) 

21 

59 

16 

37 

21-43 

5-06 

21 

22 

21 

22 

21-48 

0-21 

1»                                 11                                         V 

20 

60 

21 

59 

21-43 

Gain. 

91                                 J  J                                         11 

1  20-50 

21-54 

21-43 

Gain. 

Each  set  of  experiments  in  this  Table  is  arranged  in  the  order  of  the 
crushing  pressures. 
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those  which,  are  bracketed  (because  made  of  one  form  of  joint),  there 
seems  to  be  a  tolerably  regular  increase  of  apparent  tenacity  as  the 
crushing  pressure  diminishes.  The  diminution  of  tenacity  is  sensible 
in  lap  joints  where  the  crushing  pressure  exceeds  30  tons.  The 
general  bearing  of  Mr.  Stoney's  experiments  is  slightly  in  the  same 
direction.  In  Mr.  Browne's  experiments,  where  the  crushing  pressure 
reaches  40  tons,  the  diminution  of  tenacity  is  very  great,  though  the 
Eeporter  feels  some  doubt  as  to  whether  this  is  entirely  due  to 
crushing  action. 

Pin  Connections. — In  the  case  of  the  pin  connections  of  suspension 
links,  it  has  been  found  that  to  obtain  a  strength  at  the  joint  equal  to 
that  in  the  body  of  the  bar,  the  pin  diameter  d  must  not  be  less  than 
0  •  8  of  the  width  6  of  the  body  of  the  bar,  and  the  section  of  the  bar 
through  the  pin  hole  must  not  be  less  than  1  ■  5  times  the  section  of 
the  body  of  the  bar.  From  the  former  proportion  we  may  deduce  the 
result  that  the  ratio  of  the  crushing  pressure  and  tenacity  is — 

&L  h      -      1      -    l-Of) 

ft      -    d      -    OS   "'    x  *°m 

From  the  latter  proportion  it  may  be  inferred  that  the  unequal 
distribution  of  stress  round  the  hole  makes  the  apparent  tenacity  of 
the  metal  surrounding  it  less  than  the  tenacity  of  the  bar,  in  the  ratio 
0* 666,  giving  a  loss  of  tenacity  of  33  per  cent.  These  results, 
though  not  strictly  applicable  to  riveted  joints,  are  interesting  for 
comparison  with  the  crushing  pressure  and  apparent  tenacity  observed 
in  experiments  on  riveted  joints. 

So  long  as  attention  is  confined  to  the  experiments  on  iron  lap- 
joints,  a  tolerably  consistent  decrease  of  tenacity*  with  increase  of 
crushing  pressure  is  observed.  With  the  experiments  on  iron  butt- 
joints  however  this  is  no  longer  the  case.  There  are  instances  in 
which  a  high  crushing  pressure  has  apparently  much  reduced   the 

*  By  decrease   of    tenacity  is  here   meant   simply   reduction   of    the  ratio 

— „ rfi— — — —   whether  that  reduction  is  due  to  alteration  of  quality  of 

Area  ot  metnl  in  joint 

material,  or  to  reduction  of  average  strength  in  consequence  of  the  stress  being 

unequally  distributed. 
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tenacity,  and  other  instances  where  the  tenacity  seems  to  have  been 
unaffected.  With  steel  joints  also,  even  with  very  high  crushing 
pressures,  no  regular  effect  on  the  tenacity  is  traceable.  It  seems 
possible  to  the  Reporter  that  the  explanation  of  these  anomalies 
may  be  found  in  the  variation  of  the  relative  hardness  of  the 
rivets  and  plate.  If  the  rivet  is  sensibly  harder  than  the  plate,  the 
plate  will  suffer ;  but  if  the  rivet  is  sensibly  softer  than  the  plate, 
the  rivet  will  suffer.  With  iron  plates,  sometimes  the  rivet  and 
sometimes  the  plate  is  the  harder.  With  steel,  the  rivet  appears  to 
be  generally  suffer  than  the  plate.  It  must  be  borne  in  mind  that 
this  suggestion  is  only  offered  as  a  conjectural  explanation  of 
anomalies  which,  unless  they  are  due  to  errors  in  the  experiments, 
are  extremely  puzzling. 

Diameter  of  Bivets. — In  a  joint  there  are  three  variable  quantities 
to  be  determined — the  thickness  of  the  plate  t,  the  pitch  <p,  and  the 
diameter  of  the  rivet  d.  The  three  limiting  stresses — tearing, 
crushing,  and  shearing — furnish  three  conditions  for  fixing  these 
quantities.  In  practice  the  diameter  of  the  rivet  is  usually  fixed 
empirically,  and  there  is  a  redundant  condition  to  satisfy.  Hence 
it  is  usually  necessary  to  make  one  of  the  stresses  less  than  the 
limiting  stress.  But  this  does  not  seem  a  very  satisfactory 
proceeding. 

Putting  fc  for  the  crushing  and  fs  for  the  shearing  stress,  and 
equating  the  shearing  and  crushing  resistance,  we  get  for  rivets  in 
single  shear — 

1  d2fs  =  idfc 

-  =  1-27 ^ 

t  fs 

Similarly  for  rivets  in  double  shear — 

i  =  0-635-f. 

t  f 

If   therefore  fc  and  fs  are  fixed  theoretically,  the  ratio    -    is  also 
determined.      Thus,  for  example,  in  the  case  of  iron,  for  rivets  in 
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single   shear,   taking  fc  =  30  tons,  fs  =  20  tons,   -  =  1  •  9.      Taking 
fc  =  40  anJ/s  =  20,  then,  for  rivets  in  double  shear,  -  =  1*27. 

It  would  seem  desirable  to  enquire  how  far  the  existing  empirical 
practice  as  to  the  diameter  of  rivets  is  based  on  practical  advantage. 
Ordinarily  the  diameter  chosen  for  the  rivet  is  made  to  depend  on 
the  thickness  of  the  plates,  independently  of  any  consideration  of  the 
form  of  joint.  But  if  the  crushing  stress  is  greater,  as  appears  from 
the  experiments,  for  joints  with  double  covers  than  for  joints  with 
single  covers,  and  greater  for  butt  than  for  lap  joints,  and  if  the 
shearing  stress  is  different  for  single  and  multiple  riveting,  then  to 
adopt  a  diameter  of  rivet  depending  only  on  the  thickness  of  the 
plate  does  not  at  all  conform  to  theoretical  requirements. 

It  may  be  convenient  to  give  here  some  of  the  rules  which  have 
been  proposed  for  the  diameter  of  the  rivet  in  single  shear :  — 


Browne 
Faii-bairn  . 

» 
Lemaitre  . 

Antoine  (a)     . 
Pohlig(6)       . 

?) 
Bedtenbacher  (c) 

Unwind) 

,,        (6)  • 


d  =  2t  (with  double  covers  lji)     .      .      .  (1) 

d  =  2t  for  plates  less  than  §  in.       ...  (2) 

d  =  \%t  for  plates  greater  than  \  in.     .      .  (3) 

d=  1-5* +  0-16 (4) 

d  =  1  •  1  JT         (5) 

d  =  2t  for  boiler  riveting (6) 

d  =  3t  for  extra  strong  riveting     .      .      .  (7) 

d=l-5tto2t (8) 

d  =  f*  +  &  to  P  +  s (9) 

d  =  l-2A/F (10) 


(a)  Naval  Science,  vol.  i.,  1872.  (b)  Maschinentheile,  1877. 

(cO  Construction  des  Machines,  1874.         (cZ)  Wrought-Iron  Bridges,  1S69. 

(e)  Machine  Design,  1877. 

The  following  Table  contains  some  data  of  the  sizes  of  rivets 
used  in  practice,  and  the  corresponding  sizes  given  by  some  of  these 
rules : — 
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Overlap,  and  distance  from  Bivet  to  edge  of  Plate. — It  is  ordinarily 
stated  that  holes  cannot  safely  be  punched  nearer  than  one  diameter 
from  the  edge  of  the  plate ;  and  this  amount  of  overlap  appears  in 
most  cases  to  afford  ample  strength  to  resist  the  tendency  of  the 
rivet  to  burst  through  the  edge  of  the  plate. 
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The  precise  distance  to  give  security  against  the  bursting  of  the 
edge  of  the  piate  cannot  be  determined  theoretically,  the  condition 
of  stress  and  loading  being  both  complex.  Most  treatises  on  riveting 
assume  that  the  rivet  tends  to  shear  the  plate  at  the  lines  a  a,b  b, 
Fig.  6,  Plate  34.  No  experiment  is  known  to  the  Eeporter  in  which 
a  plate  has  thus  given  way.  In  some  experiments  the  fracture  takes 
place  along  the  lines  a  b,  c  d,  e  f,  Fig.  6a,  simultaneously.  This  form 
of  fracture  can  however  only  occur  in  joints  with  a  single  rivet ;  and 
the  breaking  in  this  way  perhaps  indicates  that,  at  the  end  rivet  of  a 
row,  some  extra  metal  should  be  allowed  between  the  rivet  and  the  side 
of  the  plate,  or  that  the  distance  to  the  side  of  the  plate  should 
a  little  exceed  the  half  pitch. 

Except  at  the  ends  of  the  joint,  the  metal  in  front  of  each  rivet 
is  in  the  position  of  a  bar  encastre  at  each  end,  and  transversely 
loaded.  Treating  the  load  as  concentrated  at  the  centre,  and  putting 
I  =  distance  from  centre  of  rivet  to  edge  of  plate,  /  =  the  greatest 
stress  due  to  bending,  we  get  for  the  relation  between  the  shearing 
strength  of  the  rivet  and  the  resistance  of  the  plate  to  cross- 
breaking* — 


*Mf  _  1  (2*-(7)2  tf, 


which  gives 


/  3tt  d3  fs      ,    d 
'  16  7    /   +   2- 


If  we  put  /  =  the  ordinapy  tearing  resistance  of  the  iron,  we  get 
for  I  a  value  a  little  less  than  that  Usual  in  practice.  But  it  would 
probably  be  worth  while  to  make  a  few  direct  experiments  to 
determine  the  value  of  the  constant  c  in  a  formula  of  the  form 

l='c  V    T   +   2 


*  The  greatest  bending  moment  for  a  beam  encastre  at  the  ends  must  lie 

between  -^  Td,  and  fs  Td,  where  T  is  the  total  load  on  a  rivet.      Taking  it 

at  I  Td,  and  equating  this  to  the  moment  of  resistance  of  the  section  in  front  of 

/      d\2 
the  rivet,  which  is  J  tf  1 1_  —  i,  we  get  the  formula  above. 
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which  would  ensure  the  width  of  overlap  being  sufficient  to  prevent 
cross-breaking.  In  such  experiments  it  might  probably  be  necessary 
to  prevent  the  lateral  spreading  of  the  two  parts  into  which  the 
plate  under  the  rivet  divides,  by  clips  embracing  the  joint  tightly. 
This  would  make  a  joint  with  one  rivet  approximate  to  the  condition 
of  a  portion  of  a  longer  joint. 


(IV.)  EXPERIMENTS  ON  EIVETED  JOINTS. 

Hitherto  the  discussion  has  been  chiefly  confined  to  data  best 
determined  by  special  experiments.  It  remains  to  discuss  the  data 
which  can  only  be  ascertained  by  experiments  on  different  forms  of 
riveted  joints.  What  it  is  chiefly  necessary  to  determine  by  such 
experiments  is  the  relation  of  the  tearing  strength  of  the  iron  in  the 
joint  to  the  tenacity  of  the  original  plate,  and  to  the  shearing  stress 
which  the  rivets  will  carry  before  giving  way.  It  is  by  means  of 
these  relations  that  the  pitch  and  strength  of  the  joint  have  to  be 
determined. 

We  may  call  the  ratio  of  the  tension  on  the  joint  to  the  tearing 
section  of  the  plate  at  the  place  of  fracture  the  Apparent  Tenacity 
of  the  joint.  Then  that  apparent  tenacity  is  rendered  less  than  the 
original  tenacity  of  the  iron — (1)  by  any  injury  done  in  drilling  or 
punching ;  (2)  by  any  irregularity  of  stress  due  to  the  way  in  which 
the  rivets  load  or  crush  the  plate;  (?>)  by  any  irregularity  of 
distribution  of  stress  due  to  the  bending  of  the  joint  as  a  whole 
under  the  action  of  the  load.  The  apparent  shearing  resistance  will 
be  less  than  that  determined  by  the  special  experiments  above — (1) 
if  the  load  is  not  equally  divided  amongst  the  rivets  ;  (2)  if  any 
crushing  of  the  rivet  by  the  plate  causes  an  increase  of  stress  on 
part  of  the  rivet  section. 
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Let  fs  be  the  apparent  shearing  resistance,  and  Qs  the  shearing 
section  of  the  rivets  in  any  given  joint  or  length  of  joint.  Let/«  be 
the  apparent  tearing  resistance,  and  fij  the  section  of  the  plate 
through  the  rivet  holes  where  the  section  is  smallest.  Then  the 
strongest  joint  will  be  that  for  which 

ft  nt  =  fs  ns. 

If  the  diameter  of  the  rivets  is  determined,  either  empirically  or 
to  secure  a  given  limit  of  crushing  pressure,  then  the  equation 
just  given  determines  the  pitch  of  the  riveting.  The  object  of 
experiments  on  complete  riveted  joints  is  to  determine  the  values 
of  ft  and  fs  for  different  kinds  of  joints.  To  determine  these  stresses 
two  experiments  are  required,  one  on  a  joint  which  has  given  way  by 
tearing,  and  one  on  a  joint  which  has  given  way  by  shearing.  One 
joint  should  be  designed  with  an  excess  of  tearing  area,  the  other 
with  an  excess  of  shearing  area,  but  in  other  respects  they  should  be 
identical.  Unfortunately  this  has  seldom  been  done  in  the  experiments 
which  have  been  made. 


I.  Single-riveted  Lap  Joints  of  Iron. — The  following  two  Tables 
contain  all  the  reliable  experiments  which  have  been  found  on  single- 
riveted  lap  joints  of  iron,  broken  by  tearing  or  shearing.  From  these 
Tables  all  experiments  have  been  excluded  in  which  the  crushing 
pressure  of  the  rivet  on  the  plate  was  so  great  as  obviously  or 
probably  to  have  affected  in  any  considerable  degree  the  apparent 
tenacity  of  the  joint.* 


*  la  all  these  Tables  the  stresses  corresponding  to  the  ac  ual  mode  of  fracture 
of  the  joint  are  printed  in  heavy  type.  Thus  in  this  Table  the  joints  all  gave 
way  by  tearing,  and  the  tensile  stress  is  therefore  given  in  heavy  type.  The 
crushing  and  shearing  stresses,  given  for  comparison,  are  therefore  lower  than 
the  stresses  at  which  the  joint  woull  Lave  given  w<iy  by  crushing  or  shearing. 
Where  there  are  heavy  figures  in  two  columus,  it  implies  that  the  joint  gave  way 
by  both  modes  of  fracture  simultaneously. 
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Taking  the  different  sets  of  experiments,  the  following  average 
values  are  obtained : — 


Mode  of 

Mean 
Apparent 

Tenacity 
of  Joint. 

Ratio  of 
Mean 

Apparent 

Mean 
Shearing 

Resistance 

Ratio  of 
Tenacity  of 

Authority. 

Preparing 
Holes. 

Tenacity  to 
Tenacity  of 

of  Rivets. 

Plate  to 
Shearing 

Tons  per 

Original 

Tons  per 

Resistance  of 

sq.  in. 

Plate. 
Per  cent. 

sq.  in. 

Rivets. 

Per  cent. 

Fairbairn    . 

Punched    . 

17-55 

68-11 

22-40 

78-3 

Hendry 

;  ■>            • 

17-96 

— 

— 

— 

Stoney  .... 

?  ?              • 

17-16 

79-97 

18-84 

91-0 

.... 

Drilled      . 

19-39 

88-31 

18-27 

10G-1 

Faii-bairn    . 

Punched   . 

— 

— 

20-41 

— 

, ,          ... 

Drilled      . 

— 

— 

19-47 

— 

Master  Mechanics'! 
Association   .      .\ 

Punched    . 

22-30 

83-52 

— 

— 

Drilled       . 

— 

— 

20 -SO 

— 

Greig  and  Eyth     .  < 

Punched    . 

16-80 

75-50 





Drilled       . 

19-75 

S8-70 

18-43 

107-1 

Mean  Result    . 

Punched    . 

18-35 

76-77 

20-55 

84 -G 

) »                   • 

Drilled      . 

19-57 

8S-50 

19-24 

106-6 

The  mean  stresses  here  found  are  not  very  discordant ;  but 
an  examination  of  the  detailed  experiments,  in  which  there  are- 
considerable  variations,  tends  to  lessen  the  value  of  the  average 
results. 

It  appears  that  the  apparent  tenacity  of  the  joint  is  at  least  20 
per  cent,  less  than  that  of  the  original  plate  with  punched  joints,  and 
12  per  cent,  less  with  drilled  joints.'  The  shearing  strength  is  6  per 
cent,  greater  in  punched  holes  than  in  drilled  holes.  But  this 
result  must  be  received  with  hesitation,  because  it  is  doubtful  if 
the  true  diameter  of  the  rivet  has  ever  been  determined  in  experiments 
with  punched  joints.  With  punched  joints  the  tenacity  of  the 
plates  is  only  85  per  cent,  of  the  shearing  resistance  of  the  rivets, 
per  sq.  in. ;  but  with  drilled  joints  the  plates  are  stronger  per  unit  of 
area  than  the  rivets  in  the  ratio  of  1  •  07  : 1. 

In  regard  to  the  difference  of  apparent  tenacity  in  drilled  and 
punched  joints,  it  is  hardly  so  great  as  experiments  on  the  effect  of 
punching  and  drilling  indicate.  But  the  loss  of  tenacity  of  12  per 
cent,  in  drilled  joints  seems  to  show  that  there  is  a  considerable  loss. 
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of  strength,  ascribable  to  bending  and  other  causes,  which  affects  both 
kinds  of  joint  equally. 

The  reduction  of  tenacity  in  lap  joints  is  commonly  ascribed  to  the 
bending  of  the  specimen  when  tested.  It  should  be  noticed  however 
that  the  bending  occurs  chiefly  at  the  points  a  a,  Fig.  10,  Plate  34, 
whilst  the  actual  fracture  occurs  in  the  plane  b  b.  More  probably 
the  reduction  of  strength  is  due  to  the  way  in  which  the  pressure  of 
the  rivet  is  distributed  on  the  plate.  The  probable  distribution 
is  roughly  indicated  by  the  relative  lengths  of  the  arrows  in  Fig.  10. 
It  will  be  seen  that  the  bending  and  crushing  of  the  plate  tend  to 
bring  the  resultant  tension  towards  the  inside  edges  of  the  sections 
of  fracture,  and  thus  virtually  to  reduce  the  strength.  The  wider 
the  lap  and  the  more  rows  of  rivets  there  are,  the  less  this  action 
is  likely  to  be,  and  the  more  nearly  the  tenacity  of  the  joint  will 
approach  that  of  the  plate.     (See  Appendix  I.) 


II.  Single-riveted  Butt  Joints  of  Iron. — The  experiments  on  these 
are  less  accordant  than  those  on  lap  joints,  and  they  are  far  less 
complete.  The  crushing  pressures  in  Sir  W.  Fairbairn's  experiments 
are  higher  than  those  in  Mr.  Browne's  experiments.  But  while  the 
former  give  an  average  tenacity  of  22*38  tons,  the  latter  give  only 
13*17  tons.  No  satisfactory  general  conclusions  can  be  drawn  from 
these  experiments.  The  mean  shearing  resistance  in  two  experiments 
is  20  tons,  which  is  about  the  same  as  for  lap  joints. 

The  experiments  arc  comprised  in  the  Table  on  the  following 
pago. 


2  f  2 
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III.  Double-riveted     Lap     and     Butt    Joints   of   Iron.  —  These 
experiments  (as   given  in  the   two  following  Tables)  are   tolerably 
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numerous,  so  far  as  the  tearing  resistance  of  plates  with  punched 
holes  is  concerned ;  but  there  arc  no  experiments  with  drilled  holes, 
and  none  in  which  the  joint  gave  way  by  shearing. 

The  exceptionally  low  tenacity  found  in  Mr.  Knight's  experiments 
is  difficult  to  understand.  The  joints  were  made  with  rather  thick 
plates,  and  Mr.  Knight  in  a  letter  to  the  Eeporter  explains  the  reduction 
of  strength  by  the  bending  of  the  joint  during  testing.  But  these 
results  must  nevertheless  be  regarded  as  exceptional,  because  not 
only  is  the  reduction  of  strength  far  greater  than  in  any  other 
experiments  in  this  Table,  but  no  such  reduction  of  strength  appears 
to  occur  with  steel  joints,  which  are  even  more  deformed  in  testing 
than  iron  joints.  A  further  discussion  of  this  point,  and  some 
additional  experiments,  are  given  in  Appendix  I. 

The  following  Table  gives  the  mean  results  for  lap  and  butt 
joints  double-riveted : — 


Description. 

Authority. 

Apparent 

Tenacity  of 

Joint. 

Tons  per  sq.  in. 

Ratio  of 

Apparent 

Tenacity  to 

Tenacity  of 

Original  Plate. 

Per  cent. 

Lap  Joints. 
Single  Shear,  Punched 

11                    1  )                       )   ) 
'  )                  11                    11 

. ,          ,,      Drilled 

, ,          , ,      Punched     . 

Fairbairn 
Kirkaldy 

Easton  &  Anderson  . 
Greig  and  Eyth . 
Knight    .     ".      .      . 

23-50 
25-57 
16-35 
21-17 
12-08 

91-2 

116-2 
87-4 
95-0 
56  "A 

Butt  Joixts. 
Single  Cover,  Punched 

>  j          >  ?           >  i 
Double  Cover,       , , 

it         ii           >  i 
Single  Cover,  Drilled  . 
Double  Cover,  Drilled 
Double  Cover,  Punched 

Fairbairn 

Martell    .... 
Fairbairn 

Kirkaldy   .... 
Greig  and  Eyth . 

)  i                 it 
Knight    .... 

24-07 
19-95 
21-44 
19-39 
18-07 
20-65 
17-52 

93-4 

83-2 
86-4 
81-2 
92-8 
90-0 

Unfortunately  the  original  strength  of  the  plate  in  Fairbairn's 
experiments  is  not  very  certainly  determined.  Mr.  Martell  does 
not  give  the  original  strength  of  the  iron;  and  his  two  results  are 


348 


FORM    OF    RIVETED    JOINTS. 


Apbil  1881. 


very  discordant.     The  experiments  on  this  form  of  joint  arc  therefore 
incomplete  and  unsatisfactory. 


IV.  Resistance  to  Shearing  of  Iron  and  Steel  Rivets  in  Steel  Plates. 
— As  the  form  of  the  joint  does  not  appear  sensibly  to  affect  the 
resistance  to  shearing  of  the  rivets,  the  whole  of  the  shearing  results 
for  steel  plates  are  grouped  in  the  following  Tables  : — 


Lap  Joints  Broken  by  Shearing. — Steel  Plates  and  Steel  Eivets. 


Mode 

Tenacity 

Stress  at  Moment  of  Fracture 

Efficiency 
of  Joint. 
Per  cent. 

Holes 

of  Steel. 

In  Tons  per  sq 

in. 

Remarks  and  Source 

Riveting. 

made  by. 

Tons  per 
sq.  in. 

of  Experiments. 

Tensile. 

Shearing. 

Crushing. 

Single 

Drill      . 

36-22 

24-93 

25  53 

36-04 

41 

Henry  Sharp. 

5  . 

Punch   . 

, , 

26-25 

25 

87 

37-58 

42 

, , 

Double    . 

Drill      . 

36-22 

42-33 

25 

95 

36-69 

70 

, , 

» • 

Punch   . 

, , 

37-00 

21 

88 

31-74 

60 

, ,         . 

Drill      . 

, , 

23-68 

24 

26 

34-26 

39 

, , 

, » 

Punch   . 

28-93 

24-1 

23 

96 

37-65 

61 

B.  Martell. 

» > 

Drill      . 

, , 

24-5 

24 

37 

38-27 

61 

, , 

> . 

Punch   . 

36-20 

33-90 

25 

5L 

37-93 

63 

Kirkaldy.     (1) 

, , 

>  i 

, , 

27-81 

24 

60 

35-86 

56 

, , 

. . 

, , 

25-9 

17-6 

19 

85 

33-98 

Easton  &  Anderson. 

Treble     . 

Drill      . 

28-93 

27-4 

30 

00 

31-47 

73 

B.  Martell. 

, , 

, , 

, , 

26-7 

29 

25 

30-66 

72 

, , 

,, 

, , 

,, 

19-7 

25 

43 

28-26 

55 

, , 

>  i 

>  > 

, , 

22-2 

24 

75 

25-92 

60 

, , 

>  > 

>> 

,, 

21-9 

18 

60 

21-92 

57 

, 

>  > 

>i 

, , 

22-0 

30 

28 

?2-66 

62 

, 

, , 

, , 

23-3 

32 

04 

34-59 

66 

, , 

Single,  Steam     . 

Drill      . 

25-83 

27-40 

23 

95 

34-5J 

56-6 

Greig  &  Eyth. 

, ,         , , 

Punch   . 

, , 

28-80 

25 

46 

36-67 

59-6 

, , 

, ,         , , 

, , 

, , 

38-87 

25 

52 

36-76 

60-2 

, , 

Single,  Hand 

Drill      . 

, , 

22-16 

20 

98 

30-22 

49-4 

, , 

Single,  Steam     . 

>  > 

, , 

26-22 

24 

83 

35-76 

58-5 

, , 

Single,  Hydraulic 

, , 

, , 

84-35 

23 

05 

33-21 

54-4 

, , 

•  Doutile    . 

Drill      . 

, , 

26-14 

22 

61 

32-56 

70-0 

, , 

Treble  chain 

Drill      . 

31-7 

32-30 

25 

1 

36-01 

79 

Parker.     4"  Plate.  (2) 

>  i        i  > 

i  > 

29-1 

29-89 

25 

5 

25-10 

73 

.,       *"     .. 

. .         ■■ 

, , 

30-4 

25-89 

23 

9 

23-14 

62 

,,      4"    .. 

>   •                     !  . 

, , 

27-5 

26-07 

24 

1 

20-54 

67 

■>      1"    »t 

Treble  zigzag     . 

i  > 

27-4 

19-74 

19 

4 

19-63 

54 

,,       *"     .,      (3) 

>  >         >t 

, , 

27-3 

21-41 

20 

6 

21-25 

54 

i"     . . 

Quadruple  zigzag 

" 

27-4 

25-91 

192 

19-51 

71 

"        *        " 

(1)  Experiments  made  for  the  Bolton  Iron  and  Steel  Company. 

(2)  This  and  the  three  following  joints  were  made  by  Messrs  Denny,  and  tested  by  Mr.  Kirkaldy. 

(3)  This  and  the  two  following  joints  were  tested  by  Mr.  Kirkaldy  for  the  Steel  Company  of  Scotland. 
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The  average  values  are  as  follows  :- 


Shearing 

Description  of  Joint. 

Authority. 

Holes  made  by. 

Resistance 
of  Rivets  in 

Tons  per  sq.  in. 

Iron  Kivets. 

Lap,  Double  Riveted 

Martell  &  Knight 

Punch 

19-44 

, ,     Treble  Riveted 

Parker  .      .      . 

Drill 

17-27 

Butt  (one  experiment)  . 

Martell  .      .      . 

Punch 

23-39 

Steel  Rivets. 

i   Lap,  Single  Riveting     . 

(      Sharp  and      \ 
\  Greig  &  Eytk  / 

Punch 

25-G2 

J  >            !  J                      !»•••• 

, , 

Drill 

23-G7 

Lap,  Double  Riveting   . 

/Sharp,    MartelB 
\     &  Kirkaldy  .  j 

Punch 

23-99 

?  j       ?  j             » ?           ... 

Sharp  &  Martell 

Drill 

24-86 

)  >       >  i            i  >           ... 

( Easton  &  Ander-) 
\     son     .      .      .  j 

Punch 

19-85 

Lap,  Treble  Riveting     . 

Martell  .      .      . 

Drill 

26-91 

,,        ,,              ,,        (chain)    . 

Parker  . 

Drill 

24-65 

..       .,             m       (zigzag)  . 

>  > 

, , 

20-00 

Lap,  Quadruple  Riveting  . 

? » 

j  > 

19-20 

Butt,  Single  Riveting    . 

j      Sharp  and      1 
\  Greig  &  Eyth  J 

22-72 

, ,     Double      , , 

" 

24-93 

V.  Resistance  to  Tearing  of  Steel  Lap  Joints. — There  is  only  a 
single  experiment  on  a  single-riveted  steel  lap  joint.  Those  on 
double-riveted  steel  lap  joints  arc  given  in  the  following  Table  : — 
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The   following   arc  average   values  for  double-riveted  steel   lap 
joints,  derived  from  the  above  Tabic  : — 


Apparent 

Tenacity 

Ratio  of 

Tenacity  of 

ol 

Tenacity  of 

Plates. 

Authority. 

Joint. 

Plate. 

Joint  to  that 

Tons  per 

Tons  per 

of  Plate. 

sq.  in. 

sq.  in. 

Per  cent. 

Martell      . 

30-72 

2S-93 

106-2 

Kirkaldy  . 

39-00 

32-50 

120-3 

(Easton      &) 
\    Anderson ) 

26  -98 

25  -85 

101-4 

Martell      . 

31-40 

28-93 

10*8-5 

Drilled,  Unarmealed  . 

Greig&Eyth 

26-89 

25 -S3 

104-1 

Discarding  Mr.  Kirkaldy's  result,  the  apparent  tenacity  of  the 
joints  is  21  per  cent,  greater  than  the  shearing  resistance  of  steel 
rivets,  as  deduced  from  the  Table  on  p.  351. 

The  following  experiments  on  treble-riveted  steel  plates  have 
been  communicated  by  Mr.  W.  Parker.  The  joints  were  made  by 
the  West  Cumberland  Steel  Company,  and  the  specimens  tested  by 
Mr.  Kirkaldy.  They  are  interesting  not  only  as  filling  a  gap  in 
the  series  of  experiments,  but  also  from  the  large  size  of  the  joints 
tested  and  the  thickness  of  some  of  the  plates. 

Lap  Joints  Treble-riveted,  broken  by  Tearing. 
Steel  Plates,  Iron  Rivets. 


Mode  of 

Holes 

Tenacity 
of  Steel. 

Tons  per 

Stress  at  Moment  of  Fracture 
in  Tons  per  sq.  in. 

Efficiency 
of  Joint. 

Remarks. 

sq.  in. 

Tensile. 

Shearing. 

Crushing. 

Per  cent. 

Machine . 

Drill      . 

31-2 

35  38 

18 

2 

26-79 

TO 

Parker,  |"  plate. 

„ 

Punch   . 

31-2 

23  34 

12 

0 

17-58 

52 

,,         M      M 

, 

» 

2S-8 

22-47 

12 

2 

16-85 

54 

"         TB       " 

, 

Drill      . 

31-6 

32  75 

IT 

6 

25-76 

73 

'"       >. 

, 

„         • 

32-1 

3127 

16 

5 

24-59 

G7 

,.       » 

, 

30-9 

36  11 

16 

1 

24-32 

77 

"           4       " 

, 

>. 

30-4 

35  00 

15 

6 

23-57 

76 

,.       ,. 

, 

» 

2-S-3 

2988 

15 

1 

23-31 

74 

I" 

>>           .2 

, 

» 

2S-2 

30  14 

15 

8 

23-51 

75 

»           ..       „ 

, 

Punch   . 

31-2 

34-58 

17 

7 

26-05 

77 

3"      .. 

(Annealed 
after  Punching.^ 

OKI 
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Lap  Joints  Treble-Riveted,  broken  by  Tearing. 
Steel  Plates,  Steel  RIVETS. 


Mod.- of 
Riveting. 

Tenacity 

Holes         •' 
made  by.     Tons  per 
sq.  in. 

Stress  at  Moment  of  Fracture 
in  Tons,  per  sq.  in. 

Efficiency 
of  Joint. 

Per  cent. 

Remark?. 

Tensile. 

Shearing. 

Crushing. 

(1)  Machine. 

(i)       ,.      • 
(i)       ,.      • 
(i)       »      • 

(2)  ,.        • 

Drill      .         31-6 
29-1 
28-6 
27-7 
27-1 

35-88 
33  83 
30  47 
29  44 
25  34 

23-3 
22  0 
22'2 
21-5 

18-4 

32-96 
22'10 
21-21 
15-83 

18-til 

S3 
77 
72 
69 
70 

Parker,  '"plate.  (3) 
„         i"    »       (3) 
„         i"    „       (3) 

„         1"     „        (4) 
n         1"     „        W 

(!)  Chain  riveting.    Three  rows  of  rivets.  (2)  Zigzag,  quadruple  riveting. 

(3)  Joints  tested  by  Mr.  Kirkakly  fur  the  Steel  Company  of  Scotland. 

(4)  Joints  tested  by  Mr.  Kirkaldy  for  Messrs.  Denny  and  Co. 


These  experiments  give  the  following  mean  values : 


Riveting. 

Authority. 

Holes 
made  by. 

Apparent 
Tenacity 
of  Joint. 

Tenacity 
of  plate. 

Ratio  of 
Tenacity  of 

Joint  to  that 
of  Plate. 
Per  cent. 

Treble,  Iron  Rivets.     . 
Treble,  Steel  Rivets      . 

f  Parker  and) 
I  Denny     ./ 

Punch 
Drill    .     . 
" 

22-90 

32-93 
30-99 

300 

30-5 
28-8 

76-3 

108-0 
107-5 
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VI. — Steel  Butt  Joints.     The  following  Tabic  gives  all  the  results 
on  steel  butt  joints  : — 


DOUELE-RIYETED   BUTT   JOINTS,   BROKEN   BY   TEARING. — Sl'EEL. 


Tenacity 

Stress  at  Moment  of  Fracture 

Effici- 

Mode of 

Kiveting. 

Holes 
made  by. 

of  Steel. 

iu  Tons  per  sq 

in. 

ency  of 
Joint. 

Remarks  and  Source 
of  information. 

Tons  per 

Per 

sq.  in. 

Tensile. 

Sheaving. 

Crushing. 
34-02 

cent. 
64 

Drill.     . 

36-22 

39  25 

24  05 

Henry  Sharp.  Steel  rivets. 

One  cover. 

Punch    . 

43-63 

25-80 

37-43 

70 

Drill      . 

„ 

42-93 

13-16 

37-20 

70 

,,            „  Two  covers. 

Punch    . 

„ 

39  11 

11-57 

33-56 

63 

" 

23-93 

229 

30-36 

38*15 

61 

Martell.    Plates  annealed. 
Steel  rivets.    One  cover. 

Drill      . 

'• 

246 

14-02 

34-02 

03 

Martell.    Steel  rivets. 
Two  covers. 

„         . 

,, 

231 

13-19 

32-00 

57 

„ 

„ 

28-7 

16-35 

39-68 

73 

,, 

262 

17-14 

39-79 

68 

Machine . 

>> 

29-15 

24-64 

14-02 

34-00 

65 

Boyd.           Two  covers. 

»» 

»         • 

„ 

22-87 

13-03 

31-61 

60 

»» 

„ 

28  72 

16-37 

39-70 

75 

Machine  . 

Punch    . 

36-20 

308 

14-31 

41-59 

OU 

(1)       Kirkaldy."     Two 
covers.        Steel     rivets. 
Plates  annealed. 

»» 

„        • 

" 

33  70 

15-66 

45-49 

67 

»                     !.                     .. 

»»        * 

36  81 

15-42 

44-49 

68 

»         • 

»>        • 

37  13 

15-55 

44-87 

63 

,, 

>• 

„ 

34  19 

14-86 

40-38 

65 

..                     . 

„ 

,, 

34-92 

15-17 

41-24 

66 

>»        • 

„ 

M 

33  05 

15-77 

41-45 

63 

.1                     > 

.,         . 

3149 

15-03 

39-51 

60 

»»         • 

j»        • 

33  00 

15-75 

37-78 

61 

, 

»* 

. 

,, 

32-3i 

15-46 

37-09 

60 

„ 

,,        . 

„ 

S2-31 

11-48 

47-82 

65 

i»                    J 

(Oval  rivets). 

»        • 

„         . 

„ 

34-17 

14-05 

50-35 

63 

„ 

Steam 

DriU      . 

25-83 

30  21 

14-30 

41-19 

60-4 

Oreig  and  Eyth.    Two 
covers. 

>i 

25  61 

11-06 

31-89 

68-0 

Machine  . 

Drill      . 

28-1 

22  04 

16-4 

21-92 

S9 

(2)  Parker.    Two  covers. 

„ 

„         , 

27-1 

22-73 

16-8 

22-66 

63 

(2)      „            „        „ 

" 

" 

27-2 

27 '74 

21-6 

47-95 

76 

(3)      „            „        „ 

(1)  This  series  of  experiments  was  made  for  the  Bolton  Iron  and  Steel  Co. 

(2)  Joints  tested  by  Mr.  Kirkaldy  for  Messrs.  Denny  and  Co. 

(3)  Joint  tested  by  Mr.  Kirkaldy  for  Messrs.  Jack  and  Co. 
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The  following  arc  average  values  for  steel  butt  joints,  the  plates 
being  assumed  to  be  unannealcd  if  not  otherwise  described  : — 


Description. 

Authority. 

Apparent 

1 i  i   Li  it y  of 
Joint. 

Tuns  per 
sq.  in. 

Tenacity 

of 

Plate. 

Tons  per 

sq.  in. 

Ratio  of 

'1  i  |  8U  ity  of 

Joint  to  that 

of  Plate. 

Per  cent. 

114-4 

113-2 
88-7 
87-2 

108-0 
87-8. 

UxANNEALED. 

Double-lJiveted.    One  Cover 
, ,           , ,        Two  Covers 

)  >           » >           i '       ) » 

ii           i »           1 1       >  > 

1  )                   5  >                     >  >            J  5 

Sharp  . 

Marteil     . 

Boyd    .      . 
Greig&Eyth 
Parker . 

41-44 

41-02 
25-65 
25-41 
27-91 
24-17 

36-22 
36-22 
28-93 
29-15 
25-83 
27-5 

Annealed. 
Double-Riveted.  One  Cover 
, ,          , ,        Two  Covers 

Marteil      . 
Kirkaldy  . 

22-90 
33-66 

28-93 
36-20 

79-2 
93-0 

These  results  differ  so  much  that  it  has  not  been  thought  desirable 
to  take  the  means. 

Mr.  Martell's  and  Mr.  Sharp's  results  give  for  the  apparent 
tenacity — 

Punched  Joints 35  "21  tons  per  sq.  in., 

Drilled        „  39 -92 


but  the  individual  results  are  contradictory. 
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APPENDIX  I. 

Bexdi>tg  of  Thick  Plates. 

Since  the  foregoing  report  was  in  type,  the  Reporter  has  been  in 
correspondence  with  Mr.  R.  V.  J.  Knight  as  to  the  experiments  on  Lap 
Joints  made  for  him.  To  confirm  his  views  on  the  bending  action  in 
joints,  Mr.  Knight  kindly  carried  out  the  following  experiments. 

A  number  of  iron  castings  were  made  of  the  form  shown  in  Fig. 
12,  Plate  35,  four  being  cast  together  in  one  moulding  box,  with  the 
runners  arranged  as  in  Fig.  11.  Some  of  the  pieces  were  then  bolted 
together  as  double-riveted  lap  joints,  others  as  double-riveted  butt 
joints.  The  holes  for  the  bolts  were  drilled  and  the  bolts  turned 
to  fit.  The  nuts  were  screwed  up  by  hand.  The  1^  in.  hole  in  the 
ends,  for  fixing  the  specimen  in  the  testing  machine,  was  coned  on 
each  side,  so  as  to  leave  J  in.  of  bearing  at  the  centre  of  the  plate. 
The  pins  for  these  were  a  loose  fit.  The  butt  joints  had  wrought- 
iron  straps  on  each  side,  r>  in.  thick.  With  the  first  two  tons  of  stress, 
the  lap  joints  took  the  position  shown  in  sketch,  Fig.  13,  which  position 
they  retained  till  they  broke.     The  results  were  as  follows : — 

i  t  -\r     i  v       -o  f  1  Lap  Joint  broke  with  11  tons. 

1st  Moulding  Box     .      .{,„'„,.,      -p.  e    .. 

\  1  Butt  Joint.     Defective. 

9    ,  /  1  Lap  Joint  broke  with  103  tons. 

zna  "  \  1  Butt  Joint     „         „     21|     ,. 


3rd 


1  Lap  Joint      „         „     10 
Butt  Joint    „         „     20| 


(  1  L 
1  1  B 


Mean  breaking  weight,  Lap  Joints  10-4G  tons 
„  „  „         Butt     „       20-62    „ 

This  shows  conclusively  that  in  these  experiments  the  deviation 
of  the  resultant  stress  from  the  centre  of  figure,  at  the  section  of 
fracture,  had  caused  a  loss  of  about  half  the  strength  in  the  lap  joints. 
Further,  as  these  joints  were  held  in  the  testing  machine  in  a 
perfectly  satisfactory  manner,  the  loss  of  strength  must  be  ascribed 
entirely  to  the  form  of  the  joint. 

The  bolts  were  uninjured  by  the  load.  The  cast  iron  was  of  first 
class  quality,  fine  grained  but  not  hard.  The  fractures  were  without 
flaws. 

To  gain   some  further  information,  the   remaining  pieces  were 
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b  >lted    together    in    the   form    of  single-riveted   lap    joints.     The 
results  were  as  follows  : — 

Cast  iu  1st  box (1)  Broke  with  7f  tons. 

(2)      „        „     8      „ 

(3)       „        „     8      „ 

Cast  iu  2nd  box ( 1 )       „         „      S£     „ 

, (."'       •'         "      8?     " 

»j  ;j  (3)         „  „       85      „ 

Cast  in  3rd  bos (!)  Defective. 

„        (2)  Broke  with  7J     „ 

Mean  breaking  weight     .     .  8-12  tons. 

This  shows  a  still  greater  loss  of  strength  than  in  the  case  of 
double-riveted  joints. 

Undoubtedly  these  results  appear,  at  first  sight,  strongly  to 
confirm  the  opinion  that  the  form  of  the  lap  joint  reduces  by  50  per 
cent,  the  strength  of  the  metal  of  the  joint,  apart  from  the  further 
loss  due  to  the  metal  punched  out  to  form  the  rivet  holes.  But  it 
is  so  difficult  to  accept  this  result  for  ordinary  wrought-iron  joints, 
in  face  of  the  numerous  experiments  which  show  a  much  smaller 
loss,  that  the  Eeporter  is  nnable  to  accept  these  experiments  on  cast 
iron  as  quite  equivalent  to  experiments  on  wrought  iron. 

"Wrought  iron  elongates  considerably  when  strained  beyond  the 
elastic  limit,  especially  near  the  breaking  point,  while  the  elongation 
of  cast  iron  is  not  much  greater  beyond  than  within  the  elastic 
limit.  The  inequality  of  the  distribution  of  stress  on  the  section 
of  fracture,  due  to  a  given  deviation  of  the  j)osition  of  the  resultant 
stress  from  the  centre  of  the  section,  is  probably  much  less  for 
wrought  iron  than  for  cast  iron.  Besides  this,  it  must  be  remarked 
that  the  deviation  of  the  line  of  resultant  stress  is  proportionately 
as  great  for  thin  as  for  thick  lap  joints,  and  the  reduction  of 
strength  which  Mr.  Knight  has  found  in  -|  in.  and  1  in.  joints  ought 
to  be  found  also  in  joints  §  in.  and  i  in.  thick.*  Within  the  elastic 
limit,  at  all  events,  the  stress  would  be  as  unequal  in  thin  as  in 
thick  joints,  and  it  is  not  easy  to  see  any  reason  why  it  should 
be  different  at  rupture.  But  the  experiments  on  thin  joints  are 
numerous,  and  exhibit  no  great  reduction  of  the  apparent  tenacity  of 
the  metal,  which  can  be  attributed  to  the  form  of  the  joints. 

*  Mr.  Knight  does  not  however  assent  to  this  opinion. 
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Let  P  be  the  resultant  stress  on  the  section,  and  r  the  distance  of 
its  point  of  application  from  the  centre  of  the  section ;  let  A  he  the 
area,  and  Z  the  modulus  of  the  section.  Then  so  long  as  the  limit 
of  elasticity  is  not  passed,  the  maximum  stress  is, 

fmax  =  P  (-  +   - 

The  mean  stress  is  /  =   -       Hence,  the  mean  stress  is  less  than  the 

maximum  in  the  ratio 

/  1 


J  max  1       I      ■"■** 

"*"  z 

If  r  is  a  constant  fraction  of  the  thickness  t  of  the  plates,  as 

mentioned  above,  this  ratio  is  independent  of  the  thickness,  and  the 

mean  stress  for  a  given  maximum  or  breaking  stress  would  be  the 

same,  whether  the  plates  were  thick  or  thin.     Now  in  Mi.  Knight's 

experiments  on   cast  iron  r  =  about  %t   for  the   double-bolted,  and 

U  for  the  single-bolted  specimens.     Then,  putting  b  for  the  breadth 

of  the  specimen, 

Ar  6btr  6r 

i  -t-  -  _  i  +  _   _  i  -|-  t 

=  3  for  the  double-bolted,  and  4  for  the  single-bolted  joints.  Hence, 
if  the  limit  of  elasticity  had  not  been  passed,  the  apparent  tenacity 
should  have  been  i  the  real  breaking  strength  for  the  former  and  i 
for  the  latter.  These  ratios  probably  do  not  very  widely  differ  from 
those  actually  found  (about  ^  and  -}  respectively),  for  the  real 
tenacity  was  probably  a  little  higher  than  the  tenacity  in  the  butt 
joints.  Hence  for  cast  iron  the  distribution  of  stress  is  nearly  as 
unequal  when  the  bar  breaks  as  if  the  material  were  perfectly  elastic. 
In  the  above  calculation  it  is  assumed  that  there  is  no  actual 
bending  of  the  cast  iron,  which  would  sensibly  alter  the  position  of 
the  resultant  stress  with  relation  to  the  section  of  the  joint.  In  other 
words,  r  is  taken  to  be  the  same  at  fracture  as  before  testing  the 
specimen.  This  is  nearly  true  for  cast  iron,  but  with  wrought  iron 
joints  there  is  considerable  bending,  which  alters  the  position  of  the 
resultant  stress  on  the  sections  of  fracture  to  an  unknown  extent. 

2  g  2 
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APPENDIX  II. 

Memorandum  of  Suggestions  as  to  Experiments  to  be  undertaken 
on  Riveted  Joints. 

The  suggestions  on  which  this  memorandum  is  based  were 
submitted  to  the  Committee  at  their  Glasgow  Meeting.  It  was  there 
decided  that  the  experiments  should  be  restricted  for  the  present  to 
steel  plates,  and  the  Eeporter  was  requested  to  modify  the  suggestions 
in  accordance  with  this  decision.  Professor  Kennedy  having  offered 
to  carry  out  for  the  Committee  any  experiments  for  which  his 
machine  is  adapted,  the  Eeporter  was  requested  to  consider  the  precise 
dimensions  of  the  specimens  which  would  be  suitable  for  experiment. 
The  limit  of  the  breaking  strength  of  the  specimens  is  fixed  at  45 
tons.  Taking  the  ultimate  strength  of  steel  at  30  tons  per  sq.  in. 
in  tension  and  24  tons  in  shear,  the  specimens  should  be  so  designed 
that  the  weakest  section  in  tension  should  not  exceed  1*5  sq.  in., 
and  the  weakest  section  in  shear  1*8  sq.  in. 

A  review  of  past  experiments  reveals  great  discordance  in  results 
arrived  at  under  conditions  intended  to  be  the  same.  These 
discordances  may  be  due  in  some  cases  [to  real  differences  in  the 
quality  of  the  materials  tested.  Two  specimens  from  the  same 
plate  do  not  always  break  with  the  same  load ;  and  much  more  may 
plates  of  different  make  be  expected  to  vary.  Now  as  the  object 
of  experiments  on  riveted  joints  is  chiefly  to  determine  the 
proportions  of  the  joints,  and  only  secondarily  to  determine  the 
strength  of  different  qualities  of  material,  it  would  appear  desirable 
for  the  Committee  to  select  a  very  uniform  quality  of  steel  plate 
and  steel  rivet  bar,  and  to  use  these  alone,  at  least  in  all  the  earlier 
experiments.  The  more  uniform  the  quality,  the  fewer  the 
experiments  necessary  to  give  a  trustworthy  average  result.  At  a 
later  stage  it  may  be  useful  to  experiment  on  the  effect  of  riveting  in 
the  case  of  inferior  or  more  variable  materials. 

For  the  purposes  of  these  experiments  it  would  seem  desirable  to 
have  fhree  thicknesses  of  plate,  and  the  following  are  proposed  : — 
i  in.,  |  in.,  -*-  in. 
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The  rivets  would  commonly  vary  for  these  plates  from  £  in.  to 
f-  in.  diameter.  But  as  the  proper  size  of  rivet  is  one  of  the 
problems  to  be  solved,  it  would  be  desirable  to  have  steel  rivet  bars 
of  ^v  in.,  -j^-  in.,  i|  in.,  -ff  in.,  if  in.,  and  1^  in.  diameter,  for  use 
in  different  experiments. 

To  render  any  experiments  made  by  the  Committee  comparable 
with  previous  experiments,  and  useful  as  guides  in  designing,  the 
absolute  tenacity  and  shearing  strength  of  the  steel  must  be  known. 
Experiments  should  therefore  be  made  on  pieces  of  each  thickness 
of  plate,  and  on  specimens  of  the  rivet  bars. 

Tenacity  of  Plates. — The  specimens  of  plate  should  be  of  the  form 
shown  in  Fig.  14,  Plate  35,  arranged  so  as  to  be  held  in  the  machine  by 
pins,  which  are  nearly  equivalent  to  knife-edges.  The  method  now 
often  adopted  of  holding  plates  by  friction,  using  wedges  which  grip 
the  plate,  appears  to  the  Reporter  to  be  essentially  unreliable  for 
plates  wide  in  proportion  to  their  thickness,  although  it  may  answer 
very  well  for  round  or  square  bars. 

For  uniformity  the  specimens  might  all  be  of  the  form  shown  in 
Fig.  14,  the  variable  dimension  6  being  made  as  follows : — 

In.  In.  In. 

Thickness  of  Plate \  jj  i 

Width  (b) ]g&4  2/6&3i  2| 

Tons.  Tons.  Tons. 

Probable  breaking  weight  . .    10  &  30        23  &  39  41 

There  is  considerable  danger  of  the  holding  pins  tearing  out  in 
specimens  of  this  form,  owing  to  the  inequality  of  stress  in  the  ends, 
especially  in  thin  plates.  If  this  occurs,  it  is  better  prevented  by 
doubling  the  thickness  at  the  ends,  by  riveting  an  additional  plate 
upon  them,  than  by  a  greater  enlargement  of  the  ends.  It  would 
probably  be  still  better  to  rivet  a  plate  on  each  side,  so  as  to 
distribute  the  pressure  on  the  pin  more  uniformly,  and  to  diminish 
crushing. 

In  the  recent  experiments  of  Mr.  Knight  on  cast  iron,  the  holes 
for  the  holding  pins  were  coned  on  each  side  so  as  to  ensure  the 
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pressure  coinciding  with  the  centre  of  the  plate.  This  is  a  desirable 
arrangement  where  it  can  be  adopted ;  but  with  steel  it  would 
probably  be  quite  ineffective,  from  the  crushing  of  the  plate  round 
the  pin. 

It  would  be  useful  to  test  the  tenacity  of  the  rivet  steel,  and  for 
this  purpose  the  specimens  should  be  prepared  as  in  Fig.  15,  Plate  35, 
and  to  the  following  dimensions ;  the  thread  to  be  Whitworth's. 


Diam.  of  Original) 
Bar.             / 

\hitt- 

is  in. 
TB 

hV™- 

Dimension  D 
a 
I 
d 

5 

8 

2 

12 
i 

3 
4 

2 

12 

5 

8 

1 

12 

1  3 
TIT 

Shearing  Resistance  of  Rivet  Steel.  —  The  Reporter  has  no 
information  as  to  the  best  form  of  specimens  for  testing  shearing 
resistance.  Probably  the  experiments  mentioned  below,  on  butt  joints 
with  double  covers,  would  be  sufficient  to  determine  the  shearing 
resistance  ;  but  special  experiments,  if  they  can  be  arranged  for,  would 
be  desirable. 


Experiments  on  Riveted  Joints. — Special  precautions  suggested  by 
previous  experiments. — Having  secured  immunity  from  errors  due  to 
variation  in  quality  of  material,  it  must  next  be  considered  what 
special  precautions  require  to  be  taken  in  experiments  on  riveted 
joints,  the  neglect  of  which  in  previous  experiments  has  led  to 
discordant  results.  No  doubt  some  of  the  discordances  in  past 
experiments  must  be  attributed  to  errors  in  testing  machinery,  or 
to  errors  of  measurement.  In  regard  to  the  former  no  remark  is 
necessary,  but  in  regard  to  the  latter  it  may  be  observed  that  the 
specimen  should  be  measured  before  riveting  up. 

As  to  the  design  of  all  specimens  tested,  one  general  rule  must 
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be  observed.      The  centre  line,  drawn   through  the  centres  of  the 
holding  pins,  must  pass  : — 

(a)  Through  the  centre  of  figure  of  the  weakest  section  of  each 

plate  and  cover. 
(b~)  Through  the  centre  of  figure  of  the  aggregate  rivet  sections, 

or,  in  butt  joints,  of  the  aggregate  rivet  sections  on  each 

side  of  the  joint. 
If  these  conditions   are  not  fulfilled,  the  strength   of  the  joint  is 
diminished  by  the  irregular  distribution  of  the  stress. 

One  more  preliminary  remark  may  be  made.  The  object  of 
experiments  on  complete  riveted  joints  is  to  determine  two  limits 
of  stress,  viz.  the  tenacity  of  the  plates  and  the  shearing  resistance 
of  the  rivets.  "When  these  are  known  for  any  given  form  of  joint, 
the  design  of  the  joint  is  a  mere  matter  of  algebra.  In  many 
previous  sets  of  experiments  only  one  of  these  limits  has  been 
ascertained,  and  then  one  of  the  constants  necessary  is  undetermined. 
Now  neither  of  these  limits  of  stress  will  be  sensibly  altered,  in  any 
given  form  of  joint,  by  small  variations  of  the  pitch  or  rivet 
diameter.  Hence  all  joints  should  be  designed  in  pairs,  one  being 
intended  to  give  way  by  tearing  and  one  by  shearing.  The  excess  of 
shearing  resistance  in  the  one,  and  of  tensile  resistance  in  the  other, 
will  not  sensibly  affect  the  stresses  to  be  determined. 

Before  however  complete  riveted  joints  of  any  form  can  be 
designed,  there  are  one  or  two  preliminary  questions  to  which  an 
answer  must  be  found;  and  experiments  with  reference  to  these 
naturally  take  precedence  of  experiments  on  complete  joints. 

Influence  of  the  mode  in  which  the  Rivet  Holes  are  made  on  the 
Tenacity  of  the  Plates. — Numerous  experiments  have  been  made, 
showing  a  considerable  loss  of  strength  in  punched  plates,  and  a 
small  loss  (sometimes  a  small  gain)  in  drilled  plates.  These  are  so 
numerous  that  the  Committee  may  deem  it  unnecessary  to  repeat 
them ;  but  in  one  respect  experiments  of  this  kind  have  been  made 
imperfectly.  Generally  a  narrow  strip  of  plate  has  beeu  taken  and  a 
single  hole  punched  or  drilled  in  it,  and  it  has  then  been  broken  in 
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the  testing  machine.  Probably  however  the  action  of  the  punch  is 
very  different  in  the  case  of  a  narrow  plate  of  this  kind,  which 
permits  some  lateral  expansion,  and  in  the  case  of  a  broad  plate  with 
a  row  of  holes  along  its  edge.  Further,  it  is  by  no  means  certain  that 
the  strength  of  a  specimen  such  as  a,  Fig.  10,  Plate  35,  is  the  same  as 
that  of  a  strip  with  equal  effective  section  such  as  b.  Considering  the 
large  doformation  which  takes  place  in  tough  materials  at  the  period 
of  fracture,  a  sensibly  different  distribution  of  stress  might  arise 
in  these  two  cases,  from  the  different  facility  they  present  for  lateral 
contraction.  If  therefore  the  Committee  think  it  worth  while  to 
experiment  on  this  point,  the  specimens  should  be  made  to  represent 
as  perfectly  as  possible  portions  of  a  long  joint.  To  secure  this  the 
specimens  must  be  cut  (1)  from  a  plate  which  has  had  a  row  of  holes 
formed  by  drilling  or  punching  at  a  distance  corresponding  to  the 
pitch,  (2)  so  as  to  leave  a  semi-hole  in  each  edge  of  the  specimen. 
Fig.  17,  Plate  36,  gives  a  diagram  of  such  a  set  of  specimens.  For 
1  in.  and  §  in.  plates  the  following  would  be  the  areas  of  the  section 
of  fracture,  and  the  breaking  weights  at  30  tons  per  sip  in. 


Specimen  No. 

1 

2 

3 

4 

|  Section,  square  inches  .... 
i  in.  plate' 

(Breaking  weight,  tons 

(Section,  square  inches  .... 
3.  in.  plate] 

(Breaking  weight,  tons  .... 

] 

4 

7-5 

3 

5 

11-25 

l 
15 

3 

4 

22-50 

3 

4 

22-5 

H 
33-75 

1 
30 

45 

It  may  eventually  be  desirable   to    repeat   these    experiments   with 
holes  proportionate  to  the  thickness  of  the  plate. 

These  experiments  would  have  a  special  value  in  this  case,  over 
and  above  the  determination  of  the  loss  due  to  punching  and  drilling. 
They  will  enable  the  Committee  to  distinguish  exactly  between  the 
loss  due  to  this  cause  and  the  loss  due  to  other  causes,  such  as 
crushing  and  bending,  in  the  experiments  suggested  below.  Without 
a  separate  and  accurate  determination  of  each  special  source  of  injury 
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to  the  strength  of  the  plate,  the  determination  of  all  of  them  becomes 
uncertain. 


Influence  of  the  Crushing  Pressure  on  the  Tenacity  of  the  Plates. — 
The  question  whether  the  crushing  action  of  the  rivet  on  the  plates 
seriously  diminishes  the  strength  of  riveted  joints,  when  the  intensity 
of  crushing  pressure  is  above  a  certain  limit,  has  never  been 
satisfactorily  determined.  Now  the  intensity  of  crushing  pressure 
increases  with  the  ratio  of  diameter  of  rivet  to  thickness  of  plates. 
It  is  therefore  only  necessary,  in  experimenting  on  this  question,  to 
design  a  series  of  joints  with  a  given  thickness  of  plate  and  with 
different  rivet  diameters.  The  tearing  and  shearing  area  should  be 
nearly  equal,  as  in  actual  joints ;  but  as  crushing  action  may  affect 
the  strength  either  of  the  plate  or  the  rivets,  two  sets  of  joints  should 
be  prepared,  one  having  an  excess  of  shearing  and  the  other  of 
tearing  resistance. 

As  the  distribution  of  stress  between  rivet  and  plate  is  different 
with  different  forms  of  joint,  it  would  seem  best  to  have  a  set  of  lap 
joints,  which  give  the  greatest  inequality  of  stress,  and  also  a  set  of 
butt  joints  with  double  covers,  which  give  the  most  uniform 
distribution  of  stress  possible  in  actual  joints.  As  exact  information 
about  crushing  ju'essure  is  wanted,  all  the  rivet  holes  should  be 
drilled  ;  the  size  of  the  rivet  holes  can  then  be  exactly  determined. 
With  punched  holes  the  experiments  would  be  much  rougher  and 
less  decisive.  The  specimens  should  be  of  the  form  shown  in 
Fig.  18,  Plate  3G. 

The  following  Table  of  dimensions  in  inches  (in  accordance  with 
Fig.  18)  gives  a  scheme  of  experiments  on  joints  in  §  in.  plates. 
There  would  be  four  series  of  specimens:  (1)  lap  joints  to  break 
by  tearing ;  (2)  lap  joints  to  break  by  shearing ;  (3)  butt  joints  to 
break  by  tearing ;    (4)  butt  joints  to  break  by  shearing. 
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Thickness  of 

Plate. 

t. 

Diam.  of 

Rivet. 
d. 

Ratio  * 

fo 

fs 

Width  of  Plata  fur  One  Rivet, 
b. 

Probal  Le 
Bi  •  i  king 
Weight. 

Tons. 

Tearing  Series. 

Shearing  Series. 

3 

3 

51 

55 

55 

3 

8 

1 
5 

3 
% 

I 
1 

14 

0-78 
1-08 
1-5G 
1-85 
2-15 
2-45 

0-50 
0-82 
150 
1-S0 
2-25 
2-50 

0-75 
1-00 

2-00 

2  375 

3  125 

4  000 

2-G 
4-8 
10-G 
14-4 
19-2 
24-0 

*   f  =  crushing  stress,        f  =  shearing  stress  per  sq.  in. 

As  the  question  involved  in  these  experiments  is  really  important, 
it  would  he  desirable  to  repeat  the  experiments  with  joints  of  douhle 
the  width  and  having  two  rivets.  The  scheme  for  these  would 
then  be : — 


Thickness  of 

Plate. 

t. 

Diam.  of 

Rivet. 

d. 

fo 

fs 

Width  of  Plate  for  Two  Rivets. 
b. 

Probable 
Breaking 

Weight. 

Tons. 

Tearing  Series.     '    Shearing  Series. 

1 

3 
8 

3 

8 

0-78 

1-00 

1-50 

5-2 

„ 

I 
2 

1-0S 

1-64 

2  00 

9-G 

55 

3 

5 

1-56 

3-00 

4-00 

21-2 

„ 

1 

1-85 

3-60 

4-75 

2S-S 

» 

1 

2-15 

4-50 

6-25 

3S-4 

It  would  he  useful  in  these  experiments  to  scribe  a  line  across  the 
edges  of  the  joints  before  beginning  to  load,  and  to  attempt  by  this 
means  to  ascertain  at  what  point  slipping  of  the  plates  commenced, 
and  what  total  amount  of  slipping  occurred  in  consequence  of 
the  gradual  crushing  of  plate  and  rivet. 
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Influence  of  Bending  Action  on  the  Strength  of  the  Joint. — An 
important  question  arises  out  of  the  experiments  on  thick  lap 
joints,  namely  whether  the  bending  action  which  occurs  during  the 
application  of  the  load  seriously  diminishes  the  strength  of  the  joint. 
Further,  although  it  would  seem,  theoretically,  that  any  loss  from 
bending  action  must  be  proportionately  the  same  for  joints  of 
different  thicknesses,  yet  the  experiments  which  raise  this  question 
seem  to  show  that  the  loss  is  much  greater  for  thick  plates. 

To  investigate  this  point,  a  series  of  joints  precisely  like  those  in 
Fig.  18,  Plate  36,  are  required,  one  set  being  lap  joints,  the  other  set 
butt  joints  with  double  covers.  For  the  reasons  given  above,  the  holes 
should  be  drilled.  The  following  scheme  gives  the  dimensions  of 
the  joints  in  inches,  supposing  one  rivet  in  each  joint : — 
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A  similar  set  of  joints  with  two  rivets  would  have  the  following 
proportions : — 
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In  making  the  above  suggestions  for  the  initial  experiments,  the 
Reporter  has  tried  to  arrange  experiments  by  which  perfectly  definite 
questions  should  be  put  in  each  case.  With  the  enormous  number 
of  experiments  already  made,  it  is  almost  useless  making  new 
experiments  the  conditions  of  which  are  complex  or  indefinite.  It 
must  be  quite  understood  however  that  these  are  strictly  preliminary 
experiments,  and  should  be  followed  by  experiments  on  ordinary 
forms  of  joint,  designed  in  accordance  with  the  limits  of  stress 
determined  in  these  preliminary  experiments.  Whenever  those  final 
experiments  are  undertaken,  it  will  probably  be  necessary  to  have 
recourse  to  a  testing  machine  giving  a  pull  of  100  tons,  at  all  events 
if  the  joints  are  of  steel. 

The  experiments  here  proposed,  if  carried  out  at  all,  should 
be  proceeded  with  cautiously.  Each  set  of  experiments  will  afford 
data  which  will  be  a  guide  in  designing  the  exact  proportions  of  the 
next  set.  The  dimensions  given  above  must  be  considered  as  simply 
first  approximations,  to  be  revised  by  those  who  are  in  charge  of  the 
experiments. 

W.  C.  Unwin,  Beporter. 
November,  1879. 
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ON  THRASHING  MACHINES. 


By  Mr.  W.  WORBY  BEAUMONT,  of  London". 


It  is  not  the  Author's  intention  to  occupy  time  or  space  with  the 
history  of  the  invention  and  development  of  the  Thrashing  Machine  ; 
as,  although  of  much  interest,  it  is  perhaps  already  sufficiently 
accessible  in  the  two  leading  English  engineering  journals  for  the 
second  half  of  the  year  1879,  and  in  previously  existing  writings. 
Probably  therefore  no  apology  is  needed  for  dealing  with  modern 
machinery  only. 

There  is  perhaps  no  single  machine  designed  to  carry  out  any 
series  of  operations  or  processes,  in  which  so  many  conditions  and 
circumstances  are  involved,  and  have  to  be  fully  considered  and 
provided  for,  as  in  the  finishing  thrashing  machine. 

It  is  thus  a  somewhat  complicated  piece  of  combined  mechanism, 
which  is  purely  the  result  of  experiment,  unaided  by  any  direct 
application  of  theory  to  the  phenomena  or  laws  upon  which  the 
successful  performance  of  its  various  and  complex  functions  depends. 
The  perfection  of  the  modern  machine  has  only  been  realised  at  the 
expense  of  nearly  forty  years  of  experiment  and  careful  observation 
of  practical  working,  carried  on  by  English  agricultural  engineers  in 
almost  all  parts  of  the  world.  In  scarcely  any  particular  has  it  been 
possible  to  arrive  at  the  necessary  proportions  or  dimensions  except 
by  tentative  methods.  The  inter-relation  of  the  various  parts  is  of 
so  complex  a  nature,  that  it  has  been  impossible  to  predict  the 
results  of  the  step-by-step  modifications  and  additions,  by  which 
alone  success  has  been  achieved  in  dealing  with  the  various  croj^s 
of  all  countries.  Not  only  does  every  country  produce  even  the  same 
corn  with  straw  or  stems  of  different  lengths,  with  varying  proportions 
of  grain  to  straw,  of  grain  to  ear,  and  of  beard  and  chaff  to  ear,  and 
with  different  proportions  of  weeds  and  seeds  in  the  crop ;  but  the 
circumstances  of  dry  and  wet  seasons,  and  of  heat  or  cold,  affect  the 
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conditions  under  which  the  thrashing,  cleaning,  and  separation  of 
the  grain  and  seeds  can  ho  effected.  In  England  thrashing  is 
performed  at  almost  all  times  of  the  year ;  and  tho  crop  is 
consequently  in  different  states  of  dryness,  depending  upon  the 
season  and  weather  when  it  is  thrashed,  tho  time  it  has  remained  in 
stack,  the  part  of  the  country  in  which  it  has  been  grown,  the  situation 
in  which  the  stack  has  been  placed,  and,  if  thrashed  directly  after 
harvest,  the  amount  of  rain  and  of  sunshine  during  harvest.  In  most 
foreign  countries  it  is  thrashed  when  harvested,  and  is  consequently 
very  often  extremely  dry  and  very  brittle  ;  while  the  quantity  of 
weeds,  grown  and  collected  with  the  crop,  is  sometimes  more  than 
the  crop  itself. 

These  facts  give  a  faint  idea  of  the  chief  causes  of  the  manifold 
difficulties  and  conditions  involved  in  producing  successful  thrashing 
machines ;  they  will  however  be  better  appreciated  when  the  details 
by  which  these  difficulties  are  overcome  have  been  described. 

The  primary  operations  performed  in  thrashing  are — 

1.  Separation  of  the  grain  from  the  ear  and  straw  ; 

2.  Separation  of  the  grain  from  short  broken  straw  (cavings) 

and  pieces  of  broken  ear  (chobs),  and  from  the  chaff; 

3.  Separation  of  the  grain  from  dirt  and  seeds  ; 

4.  Separation  of  the  grain  into  different  qualities. 
In  most  countries  these  involve — 

1.  Thrashing  the  whole  crop,  with  greater  or  less  length  of 

straw,  by  passing  it  between  a  fixed  and  a  rapidly 
revolving  ribbed  surface ; 

2.  Shaking  the  stiaw,  to  remove  any  grain,  seeds,  chobs,  and 

chaff  that  may  be  carried  by  it ; 

3.  Passing  the  whole  of  the  products  of  thrashing,  except  the 

straw,  over  rapidly  reciprocating  riddles  and  sieves,  in 
presence  of  the  blast  from  one  or  more  fans ; 

4.  Passing   the    grain    through    a    cylinder    provided   with 

revolving  beaters  or  arms,  to  remove  any  firmly  adhering 
chaff,  awns,  or  beard,  followed  by  final  sifting  on 
secondary  sieves ; 

5.  Passing  the  grain  through  a  revolving  screen,  for  sorting. 
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The  parts  by  which  these  operations  are  performed,  arid,  their 
arrangement,  may  now  be  described. 

Ransomes'  Machine. — In  order  that  this  paper  may  be  illustrative 
of  the  best  English  practice  in  the  year  1880,  the  Author  proposes 
to  describe  the  arrangement  of  the  machines  by  several  of  the  best 
known  makers :  commencing  with  the  finishing  machine  made  by 
Messrs.  Eansomes  Head  and  Jefferies,  simply  because  the  Author 
happened  to  be  first  acquainted  with  the  machines  made  at  their 
works,  where  moreover  the  first  portable  steam  thrashing  machine,  it 
is  believed,  was  made. 

This  machine,  of  the  size  having  a  drum  4  ft.  G  in.  long,  is 
illustrated  in  Figs.  1  to  4,  Plates  37  to  39.  This  is  only  one  of 
many  different  sizes  and  arrangements  of  machines  made  by  this 
firm,  according  to  the  practice  of  all  makers,  to  suit  the  requirements 
of  different  countries;  but  it  has  been  adopted  by  the  Author 
throughout  for  purposes  of  comparison.  The  arrangement  and  the 
purposes  of  the  parts  will  be  best  understood  by  following  the  straw, 
grain  &c,  through  the  machine. 

Fig.  1,  Plate  37,  is  an  exterior  side  elevation  of  the  machine, 
showing  the  side  opposite  to  that  of  the  drum  pulley  d,  Fig.  3,  by 
which  the  whole  machine  is  driven.  Fig.  2  is  a  longitudinal 
sectional  elevation,  taken  a  short  distance  within  the  side  shown  in 
Fig.  1.  Fig.  3  is  a  transverse  section  of  the  machine  at  the  hinder 
end,  taken  through  a  line  a  little  within  the  end  framing,  and  looking 
from  behind.  Fig.  4  is  a  transverse  section  through  the  shakers 
and  main  shoe,  taken  on  a  line  a  little  in  front  of  the  drum,  and 
looking  from  behind. 

The  man  feeding  stands  in  the  feeding  box  A1,  Fig.  2 ;  and  the 
sheaves  of  corn  after  the  binders  have  been  cut,  or  the  corn  of 
whatever  sort  in  a  loose  form,  is  handed  to  him  by  other  workmen 
standing  on  the  top  or  platform  of  the  machine.  The  feeder  then 
passes  it  into  the  drum  mouth  A,  with  as  much  regularity  as  possible, 
over  the  feeding  board  A2.  It  is  then  caught  by  the  drum  B  and 
rapidly  carried  between  it  and  the  concave  B1.  The  grain  is 
knocked   and  to  some  extent  rubbed  out  of  the  ear,  and  the   ear 
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more   or   less  broken   and  separated  from   the   straw,  as   it  passes 
between  the  drum  and  concave.     Most  of   the  grain    falls   through 
the  concave  grating,   and  the  rest  passes  on  with  the  straw  to  the 
shakers  C,  Figs.  2  and  4  ;  the  straw  carrying  with  it  some  grain,  and 
a  good  deal  of  the  chobs  and  cavings.     All  these  are  shaken  from 
the  straw  on  the  shakers,  and  pass  through  them,  on  to  and  down  the 
oscillating  board  D,  whence  they  fall  on  to  the  upper  end  of  the  riddle 
surface  E.     The   greater  part  of  the  grain,  seeds,  chaff  &c,  which 
falls  through  the  concave,  passes  on  to  the  oscillating  board  D1,  and 
thence  also  on  to  the  riddle  surface  E.       The  straw,  from  which  all 
grain  &c.  has  now  been  separated,  passes  upwards  along  the  shakers 
and  falls  over  their  upper  end  ;  while  the  grain,  seeds,  chaff,  and  chobs 
pass  through  the  riddle  E,  Figs.  2  and  4.    The  cavings  pass  down  the 
riddle  surface,  and  fall  off  at  the  lower  end.     The  grain,  seeds,  chaff, 
and  chobs  pass  down  to  the  bottom  of  the  oscillating  board  F,  most 
of  the  small  seeds  and  dirt  being  separated  in  the  passage  thereto 
by  falling  through  the  perforated  plate  or  sieve  over  the  spout  W, 
which  conveys  them  away.     The  remainder  of  the  material,  including 
all    the    grain,    chaff,    chobs,   and    some    seeds,   passes   to   the    end 
of  the  board  F,  and  falls  down  the  inclined  board   X   on    to   the 
upper  sieve  G.      Through  this  sieve  most  of  the  grain  falls  to  the 
bottom   of    the     lower     shoe    at  Y,   while    a     blast    of    air    from 
the  fan  H  assists  in  the  sifting  by  blowing  the  chaff  away  from 
the   sieve,  especially  that  which  tends   to   fall  off  its   end,   in   the 
direction  of  the  upper  arrow.    Some  of  the  small  pieces  of  imperfectly 
thrashed  ears  and  grain,  with  adhering  chaff,  are  also  blown  in  this 
direction ;  but  owing  to  their  weight  they  are  not  carried  beyond  the 
stop  bar  on  the  board  Z.     From  the  board  Z  these  chobs  pass  down 
the  inclined  plane  to   the  second  and  lower  sieve  G1 ;  the  heavier 
chobs  from  the  end  of  the  upper  sieve  also  fall  down  to  G1,  some 
grain  falling  with  them.     On   G1  the  sifting  is  repeated,  the  grain 
falling  to  the  bottom  of  the  shoe,  and  the  whole  of  the  chobs  falling 
into  the  chob-spout  V,  whence  they  drop  into  baskets  and  are  again 
passed  through  the  drum  for  a  second  thrashing.     There  now  remains 
only  the  grain  and  some  of  the  larger  seeds  to  be  dealt  with,  the  grain 
having  received  its  first  dressing. 
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For  the  second  dressing  and  screening,  the  grain  passes  through 
the  spout  I  to  the  bottom  of  the  elevator  box,  and  is  thence  taken  by 
the  cups  of  the  elevator  J  to  the  top  of  the  machine,  and  delivered 
into  the  cylindrical  part  of  the  awner  K,  Figs.  2  and  3.  When 
however  the  grain  is  remarkably  uniform  in  quality,  and  the  crop 
very  clean  as  respects  freedom  from  weeds,  and  when  it  is  intended 
to  dress  the  corn  (if  that  is  further  necessary)  in  a  separate  dressing 
machine,  the  grain  is  allowed  to  pass  at  once  out  of  the  machine  from 
the  elevator  spout  to  the  sack  spouts  Q ;  for  which  purpose  a  slide 
is  provided  at  P  in  Fig.  2.  The  same  remark  applies  when  beans  are 
thrashed.  Otherwise  the  grain  is  passed  by  revolving  arms  through 
the  awner  K,  in  which  any  firmly  adhering  chaff  is  rubbed  off  the 
grain,  and  the  smut  balls  are  broken.  Thence  it  falls  through  a  spout 
on  to  the  upper  sieve  in  the  second  jog  shoe  L,  Figs.  2  and  3,  and  is 
successively  sifted  by  the  several  sieves  shown  in  cross  section  in 
Fig.  2  ;  the  larger  seeds  and  any  stones  being  rejected  and  passed 
down  the  spout  M,  while  the  grain  goes  through  the  spout  N  into  the 
rotary  screen  0.  At  H2,  Fig.  3,  is  a  second  fan,  from  which  a  blast  is 
directed  between  the  sieves  in  the  jog  shoe  L  ;  and  by  this  blast  all 
dust  (some  of  which  results  from  the  broken  smut  balls),  together  with 
the  chaff  or  beard  which  has  been  rubbed  off  in  the  awner  K,  is  blown 
off  through  the  dust  spout  E,  Figs.  1  and  3.  In  the  screen  0, 
Fig.  3,  the  smallest  corn  drops  at  once  through  to  the  spouts  Q  Q, 
and  forms  the  third  quality.  The  grain  next  in  size  drops  through 
the  screen  over  the  middle  spout  Q1  ;  and  the  largest  grain,  which 
drops  through  the  screen  last,  or  falls  out  at  its  end,  and  which  forms 
the  first  quality,  passes  to  the  sacks  through  the  spouts  Q2  Q2. 

To  provide  room  for  the  men  working  on  the  top  of  the  machine 
in  attendance  upon  the  feeder,  the  platform  is  increased  in  width  by 
boards  (not  shown  in  the  drawings),  which  are  hinged  to  the  top 
edges  of  the  frame,  and  supported  at  their  extremities  by  struts 
resting  on  the  bottom  members  of  the  frame.  These  boards  extend 
to  the  length  indicated  by  the  vertical  boards,  shown  at  the  top  of 
the  machine  in  Fig.  1,  Plate  37. 

The  drum  B  in  this  machine,  Fig.  2,  Plate  38,  has  a  width  of  4  ft. 
6  in.,  and  consists  of  six  beaters  mounted  upon  iron-faced  beater  bars, 

2  H 
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which  arc  fastened  by  hook  holts  to  three  flanged  plate  drumheads,  and 
to  two  intermediate  wrought-iron  rings.     The  plate  drumheads  arc 
fastened   to    cast-iron  bosses   keyed    on   the    drum    spindle,   which 
revolves   in   long  bearings   fixed   to  a    cast-iron    bearing   plate    P, 
Fig.  1,  bolted   to  the  two  vertical  frame  pieces.     The  beaters  are 
themselves  long  screws  made  by  twisting  rolled  bars  of  the  section 
shown  in  Fig.  7,   Plate   39.      After   these  have  been  twisted  and 
straightened,   grooves   are  cut   in  them  at  the    necessary  distances 
apart,  to  receive  the  hook  bolts  by  which  they  are  held  on  the  drum. 
The  concave  B1,  Fig.  2,  is  made   in   two  parts   connected   by 
a  long  transverse   pin  or    bolt,  a   little   below   the   centre   of  the 
cross  section  of  the  concave.     It  consists  of  two  main  end  pieces 
of  wrought  iron,  and  a  number  of  intermediate  similar  shaped  ribs, 
forming  a  support  to  the  ribs  running  transversely  to  the  machine, 
which    are   seen    in    section   in    Fig.    2.      These   latter   ribs   are 
perforated  near  their  upper  edges,  and  receive  curved  wires  generally 
about  y\  in.  in  diameter.     A  coarse  strong  grating  is  thus  formed, 
which  is  adjustable  as  to  distance  from  the  drum  at  three  points, 
namely  in  the  upper  part,  a  little  below  the  middle,  and  at  the 
forward  end  of  the  bottom.     The  long  bolts  on  which  the  segments 
rest  pass  through  the  outside  of  the  machine,  and  are  there  held  by 
the   three    sets    of    adjusting    gear  G  G  G,  shown   in  Fig.  1,  two 
being  below  the  drum  spindle  and  one  above,  and  all  attached  to  iron 
bearing  plates.     The  lower  part  of  the  concave  is  made  somewhat 
more  open  than  the  upper  part.     The  distance  at  which  the  concave 
is  set  from  the  drum  is  always  greater  at  the  top  than  at  the  centre, 
and  at  the  bottom  or  forward  part  it   is  least,  the  actual  distance 
varying  with  the  nature  and  condition  of  the  grain  to  be  thrashed. 
For  wheat,  oats,  and  barley,  in  average  condition  and  quantity  of 
straw,  it  is  usually  set  f  in.  from  the  drum  beaters  at  the  bottom, 
from  •§  in.  to  §  in.  at  the  middle,  and  about  1-J-  in.  at  the  top.     For 
very  damp   or  very  dry  corn   however    it    is    set   closer    or   wider 
respectively,  as  experience  dictates.     Sight  holes  at  the  sides  of  the 
machine  are  provided,  through  which  the  distance  between  the  bottom, 
or  middle,  of  the  concave  and  the  drum  may  be  seen  while  making 
adjustments,  the  distance  at  the  top  being  seen  from  the  drum  mouth. 
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The  advantage  of  the  screw  or  twisted  drum-beater,  Fig.  7, 
Plate  39,  is  that,  besides  being  a  good  thrasher,  it  can  be  turned  as 
wear  takes  place,  and  from  two  to  four  new  faces  presented,  according 
to  the  care  taken  by  the  attendants  in  fixing  it.  Moreover,  as  the 
man  feeding  the  machine  habitually  feeds  more  towards  the  centre 
and  one  end  of  the  drum,  rather  than  uniformly  throughout  its  whole 
length,  the  beaters  can  be  changed  end  for  end  with  advantage. 

As  the  drum  runs  at  a  very  high  velocity,  it  is  necessary  that 
it  should  be  most  carefully  balanced,  and  that  every  part  should  be 
of  good  material  and  firmly  connected.  The  speeds  and  leading 
dimensions  of  the  chief  parts  of  the  machines  here  described  will  be 
referred  to  further  on. 

It  has  been  mentioned  that  the  grain,  as  the  corn  or  crop  passes 
between  the  drum  and  concave,  is  knocked  and  perhaps  to  some 
extent  rubbed  out  of  the  ear  ;  but  it  will  be  seen  from  the  construction 
of  these  parts,  and  from  the  fact  that  the  velocity  of  the  drum 
periphery  is  6047  feet,  or  considerably  over  a  mile,  per  minute, 
that  the  rubbing  can  only  be  that  effected  by  the  straw  as  it  is 
whisked  round  from  the  drum-mouth  to  the  shakers. 

In  leaving  the  drum  and  the  directing  plate,  which  is  curved 
upwards  a  short  distance  from  the  concave,  the  straw  flies  upwards  ; 
its  fall  upon  the  ends  of  the  shakers  C  is  determined  by  the  inclined 
board  B2  overhead,  Fig.  2,  which  is  adjustable  as  to  inclination.  The 
straw  is  checked  from  ascending  the  shakers  too  rapidly  by  two 
swinging  shutters  B3,  placed  across  the  whole  width  of  the  machine, 
as  shown  in  Fig.  2.  The  shakers  consist  of  four  sets  of  reciprocating 
wooden  frames  or  boxes  C  C,  Fig.  2,  the  upper  parts  of  which  are  filled 
in  with  small  transverse  strips  of  wood,  placed  at  a  short  distance 
apart,  so  as  to  form  a  grating.  These  boxes  are  mounted  upon 
brackets  carrying  bearings,  and  worked  by  two  sets  of  cranks  S  S, 
Figs.  2  and  4,  Plates  38  and  39.  The  cranks  are  set  at  equidistant 
angles  of  90°.  Each  shaker  box  or  section  thus  receives  a  similar 
compound  motion,  by  which  the  straw  is  thoroughly  shaken  and 
carried  forward,  while  the  shaking  is  increased  by  a  deeply-notched 
longitudinal  piece  placed  along  the  middle  of  the  top  of  each  shaker 
frame,  Fig.  2. 

2  h  2 
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The  snogging  or  jog  board  D,  Fig.  2,  Plate  38,  which  receives  all 
that  is  shaken  from  tho  straw,  and  tho  jog  board  D1  which  receives  all 
the  grain  &c.  that  has  dropped  through  the  concave,  take  their 
motion  from  the  crank  T ;  as  does  also  tho  wood  riddle  E,  which  is 
connected  with  these  boards,  so  that  their  motions  are  simultaneous. 
The  rod  by  which  they  are  connected  with  the  crank  T  is  fixed 
under  the  board  D1,  and  is  thinned  or  flattened  near  the  point  of 
fixture;  being  thus  made  flexible,  it  needs  no  joint.  The  riddle 
surface,  which  is  usually  constructed  of  mahogany  or  walnut,  is 
grooved  in  the  direction  of  the  length  of  the  machine,  as  shown  in 
transverse  section  in  Fig.  5,  Plate  39 ;  the  grooves  are  of  1  in.  pitch, 
and  the  holes  of  different  sizes  from  i  in.  to  £  in. ;  the  smallest  sizes 
being  for  such  grain  as  wheat  and  rye.  The  jog  boards  and  riddle 
are  suspended  at  each  end  by  hangers  U  U,  Fig.  1,  which  consist  of 
thin  strips,  usually  of  tough  ash.  The  lower  jog  board  F,  and  the 
other  parts  of  the  lower  shoe  Y,  are  suspended  by  similar  hangers 
U1  U1.  This  shoe  Y  also  receives  its  motion  from  the  crank  T 
through  a  flexible  rod,  as  shown  in  Fig.  2. 

When  thrashing  oats  the  seed-sieve  at  W,  Fig.  2,  is  taken  out, 
and  a  blank  plate  put  into  its  place ;  but  the  seed-sieve  is  left  in  for 
thrashing  wheat  and  barley.  The  lower  sieves  G  and  G1  vary  in 
mesh  from  J  in.  to  ^  in.  according  to  the  grain  being  thrashed.  The 
strength  of  the  blast  through  and  past  these  sieves  is  regulated  by  a 
slide  inserted  near  I,  Fig.  2.  This  blast  must  be  regulated  with 
great  care,  so  that  all  the  grain,  including  the  small  and  light  grain 
and  chobs,  may  drop  within  the  bar  Z,  while  the  chaff  from  the  upper 
sieve  must  be  carried  beyond  that  bar.  The  construction  of  the  fan  H 
is  sufficiently  shown  in  the  section,  Fig.  2. 

The  elevator  J  consists  of  a  leather  belt,  provided  with  a  number 
of  tin-plate  cups  of  the  transverse  section  indicated  in  Fig.  2,  Plate  38r 
and  enlarged  in  Fig.  24,  Plate  45 ;  the  speed  of  the  belt  is  made 
sufficient  to  elevate  the  grain  from  a  full  crop.  The  awner  K  is 
provided  with  revolving  knives  and  beaters,  which  may  be  used  in 
part  and  separately,  or  all  together,  at  the  discretion  of  the  attendants 
of  the  machine,  and  according  to  the  character  and  condition  of  the 
grain  being  dressed.     If  the  grain  is  smutty  or  brittle,  it  is  usually 
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not  passed  through  the  awner,  but  delivered  direct  to  the  second 
dressing  shoe  L,  Figs.  2  and  3,  Plates  38  and  39,  the  sieves  in  which 
vary  according  to  the  grain  to  be  dressed,  being  for  instance  of  ^  in., 
J  in.,  or  -i  in.  mesh.  Some  sieves  are  made  of  perforated  iron  or  zinc, 
others  are  of  woven  wire,  others  again  are  made  with  parallel  wires. 
For  barley,  which  is  difficult  to  awn,  and  for  wheat  to  which  there 
is  much  firmly  adhering  chaff  or  white  coat,  the  whole  of  the  beaters 
are  sometimes  used  in  the  awner,  instead  of  the  knives.  The  awns 
and  chaff  thus  removed  have  to  be  blown  from  the  sieves  in  the 
second  dressing  shoe  L  by  the  blast  from  the  fan  H1 ;  and  the  force  of 
this  blast  must  be  carefully  regulated  so  that  no  grain  is  carried 
away.  The  screen  0  is  a  rotary  cylindrical  wire  screen,  the  wires 
being  adjustable  as  to  pitch,  to  suit  the  grain  to  be  screened.  At 
the  other  end  of  the  machine,  near  the  front  road-wheels,  is  a  board 
b,  Fig.  2,  hinged  at  the  upper  part,  and  lowered  into  a  vertical 
position  when  thrashing,  so  as  to  prevent  a  mixture  of  the  chaff  with 
the  cavings. 

Clayton  and  ShuttleicortJis  Machine. — Figs.  8,  9,  and  10,  Plates  40 
to  42,  illustrate  a  4  ft.  6  in.  machine  by  these  makers,  which  is 
made  in  two  sizes,  light  and  heavy.  Most  of  the  foregoing  description 
applies  to  this ;  but  it  will  be  seen  that  there  are  several  essential 
points  in  which  the  arrangement,  as  clearly  shown  by  these  drawings, 
differs  from  that  already  described.  First  amongst  these  must  le 
noticed  that  the  shorter  portion  of  the  length  of  the  concave  B1  is 
uppermost.  As  most  work  is  done  here,  and  as  re-adjustment  is  here 
most  often  necessary,  this  may  be  advantageous,  especially  when  very 
much  barley  has  to  be  thrashed.  The  drum  beaters  are  also  different ; 
instead  of  being  long  screws,  they  are  rolled  steel  bars  or  plates,  with 
equidistant  tooth-like  projections,  as  shown  in  Fig.  11,  Plate  42. 
These  beaters  have  much  wider  faces  than  those  previously 
described,  which  is  an  advantage  for  some  grain,  though  not  perhaps 
for  all.  The  shakers  C  are  also  different  in  construction :  the  path 
of  motion  of  each  shaker  frame  or  box,  instead  of  being  a  circle,  is 
reciprocating  at  the  lower  or  upper  end  alternately,  a  complete 
circle  as  it  follows  the  crank  at  the  centre,  and  an  ellipse  at  the  other 
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end,  tho  frames  or  boxes  being  supported  on  rockers  alternately  at 
tbc  lower  and  upper  end.  There  are  five  shaker  frames  C,  as  seen 
in  Fig.  10.  The  holes  in  the  wood  riddle  E  in  Messrs.  Ransomes' 
machine  arc  cylindrical,  Fig.  5,  Hate  39;  those  of  Messrs.  Clayton 
and  Shuttleworth  are  countersunk,  Fig.  12,  Plate  42.  For  wheat 
the  holes  in  the  wood  riddle,  usually  of  f  in.  diameter,  are  not 
countersunk,  but  are  bored  through  the  wood  at  a  slight  angle,  as 
shown  in  Fig.  13,  Plate  42,  a  device  first  employed  by  Mr.  E. 
Humphries.  The  inclination  of  the  holes  is  such  as  to  meet  the 
movement  of  the  straw,  and  the  object  is  that  any  short  straw  entering 
a  hole  shall  not  fall  through,  but  be  caught  and  driven  back  by  the 
sloping  side  of  the  hole  opposed  to  it. 

In  the  machine  shown  by  these  drawings  the  elevator  box  J  is 
placed  outside  the  frame,  Fig.  8,  Plate  40 ;  but  in  other  examples  it 
is  placed  within  the  frame,  as  in  Eansomes'  machine,  Figs.  2  and  3. 
From  Fig.  9  it  will  be  seen  that  a  somewhat  different  arrangement 
is  adopted  for  removing  the  seeds  ;  instead  of  being  carried  off  from 
the  jog  board  F,  through  a  sieve  towards  its  lower  end,  as  at  "W, 
Fig.  2,  the  seeds  pass,  with  the  grain,  chobs,  and  chaff,  through  the 
sieves  in  the  lower  shoe,  and  are  carried  off  by  a  spout  W,  Fig.  10, 
under  the  lowest  of  these  sieves.  From  Fig.  9  it  will  also  be  seen 
that  the  chaff  riddle  G,  or  the  riddle  from  which  most  chaff  is  blown 
away,  is  adjustable  as  to  inclination.  The  wide  working  platform 
previously  alluded  to,  overhanging  the  sides  of  the  machine  at  top, 
is  well  shown  in  the  transverse  section,  Fig.  10.  The  construction 
of  the  side  frames  of  these  two  machines  is  somewhat  different  as 
respects  verticals,  diagonal  struts,  and  braces,  the  necessary  rigidity 
being  obtained  in  the  two  machines  in  different  ways.  Fig.  10  is  a 
transverse  section  at  XX  in  Fig.  9  ;  and  these  two  drawings  so 
clearly  show  the  general  arrangement  of  the  machine  that  it  is 
unnecessary  to  describe  it  in  further  detail. 

As  the  Author  has  already  stated,  almost  the  whole  of  these 
details  are  subject  to  modification  to  meet  the  requirements  of 
different  countries  and  practices ;  and  the  relative  dimensions  are 
also  subject  to  large  modifications.  In  Australia,  for  instance,  wdiere 
the  corn  is  generally  cut  off  near  the  ear,  all  the  riddling  surfaces 
and  the  parts  constituting  the  dressing  apparatus  must  be  very  large. 
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Garrett's  Machine. — Figs.  14,  15,  and  16,  Plates  43  and  44,  show 
an  arrangement  of  machine  which  differs  very  largely  from  either  of 
those  yet  described.      They  represent  a  machine  made  in  two  sizes 
by  Messrs.  Richard  Garrett  and  Sons,  of  Leiston,  and  show  essential 
differences  in  detail.    The  drum  heaters  are  grooved  longitudinally,  and 
in  the  smaller  machine  have  the  section  shown  in  Fig.  17,  Plate  44 ; 
while  in  the  larger  machine  they  have  the  heavier  section  shown  in 
Fig.  18,  each  beater  here  weighing  22  lbs.     Eight  beaters  are  fixed 
on  each  drum  B,  Fig.  14,  and  the  three  drum-heads  are  flanged  steel 
discs.    The  drum  is  of  considerable  wreight,  which  may  be  considered 
an  advantage,  especially  when  the  feeding  is  irregularly  done.     The 
concave  B1  is  built  up  in  the  same  way  as  those  previously  described, 
the  adjustments  being  similarly  effected  at  the  bottom  and  middle, 
and  at  the  top  by  the  adjustable  crank-arm  and  connecting-rod  C  shown 
in  Fig.  14.     The  jog  board  D  under  the  shakers,  and  the  riddle  E, 
the  lower  shoe  G,  and  the  upper  second  dressing  shoe  L,  all  receive 
their  reciprocating  motion  from  the  crank  T,  situated  in  this  case  in 
the  front  part  of  the  machine.    The  boards  composing  the  riddle  E  are 
only  two  in  number,  instead  of  four  or  five  in  the  machines  previously 
described;  two  pairs  of  interchangeable  wood  riddles  go  with  each 
machine,  the  one  with  i  in.,  the  other  with  ^  in.  holes.    The  fine  riddle 
is  generally  used  for  wheat,  but  very  often  one  board  of  each  is  used 
as  a  set.     The  holes  are  bored  through  the  wood  at  a  small  angle, 
with  1-|  in.  longitudinal  pitch.   The  transverse  section,  Fig.  15,  is  taken 
through  the  upper  second  dressing  shoe  L,  and  through  the  lower 
shoe  G;  the  arrangement  of  both  first  and  second  dressing  sieves 
is  thus  shown  in  Figs.  14  and  15.     The  whole  of  the  products  of 
thrashing,  after  the  removal  of  the  cavings  on  the  riddles,  pass  to  the 
chaff  sieve  G  in  the  lower  shoe.     The  grain  and  seeds  pass  through 
the   sieve  on  to  the  board  or  plate  below  it,   Fig.   15  ;  while  the 
chobs  fall  over  the  end  of  the  sieve  G  to  the  chob-sieve  and  the  spout 
shown  below  it,  and  the  chaff  is  blown  out  beyond.     The  grain  and 
seeds  slide  down  the  board  below  G,  and  pass  thence  to  the  bottom 
of  the  elevator  box  J,  Fig.  14,  from  which  they  are  carried  up  by 
the  elevator,  and  delivered  into  the  awner  K ;  or  if  awning  is  not 
necessary,  then  direct  into  the  upper  dressing  shoe  L. 
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Wo  now  como  to  a  special  feature  in  this  machine.  Instead  of  the 
two  separate  fans  to  supply  blast  for  the  first  and  second  dressings, 
as  in  the  machines  already  described,  Messrs.  Garrett  uso  a  single 
fan,  which  is  placed  on  one  end  of  the  drum  spindle  at  H,  Figs.  15 
and  16.  This  arrangement  saves  two  spindles,  straps,  and  sets  of 
bearings ;  indeed  there  are  machines  made  in  which  three  sets  of  fans 
are  employed.  The  blast  is  taken  off  at  two  points  from  the  fan  case, 
through  tangential  trunks  T,  Fig.  16,  leading  respectively  to  the  first 
and  second  dressing  apparatus.  The  blast  is  controlled  and  made 
uniform  by  means  of  wood  slides  within  the  trunks,  and  the  pressure 
is  adjusted  to  that  desired  by  throttle-valves,  also  within  the  trunks. 
One  of  these  is  shown  at  T1,  Fig.  15,  and  the  lever  for  controlling 
it  in  Fig.  14.  These  levers  are  actuated  by  screwed  rods  and  hand 
wheels,  situated  at  the  points  of  delivery  of  the  chaff.  The  attendant 
can  thus  adjust  the  pressure  of  the  blast  while  he  is  examining 
the  chaff  to  see  whether  anything  else  is  brought  over  with  it ;  and  he 
can  at  once  see  the  result  of  his  adjustment.  The  dust  and  chaff 
separated  from  the  grain  in  the  second  dressing  shoe  are  blown 
over  and  delivered  down  the  dust  spout  K,  Fig.  15. 

The  corn  elevator  J,  Figs.  14  and  15,  is  placed  within  the  frame 
of  the  machine,  the  cups  being  of  the  form  shown  in  Figs.  19  and  27, 
which  somewhat  differs  from  that  in  Fig.  24.  The  cups  are  attached  to 
the  leather  belt  by  copper  rivets.  The  screen  O,  Figs.  14  and  15,  is 
of  the  cylindrical  revolving  form  of  Messrs.  Penney  and  Co.  of 
Lincoln.  The  machines  of  Messrs.  Eansomes  Head  and  Jefferies  are 
carried  in  front  on  wood  beds  resting  upon  a  large  cast-iron  ball-and- 
socket  locking  plate,  which  in  turn  rests  upon  a  wooden  axle- tree  on 
the  axle,  as  shown  in  Figs.  2  and  4,  Plates  38  and  39.  The  machine 
of  Messrs.  Clayton  and  Shuttleworth  is  carried  upon  a  wood  bed  and 
frame-work  with  wrought-iron  locking  plates,  as  shown  in  Fig.  9, 
Plate  41.  Messrs.  Garrett  and  Sons'  machine  is  carried  at  the  hinder 
end  upon  two  flanged  and  dished  steel  plates,  as  shown  in  Fig.  14, 
Plate  43,  and  Figs.  20  to  22,  Plate  45  :  the  upper  plate  is  pressed 
to  form  the  upper  half  of  the  locking  plate  or  gear,  and  is 
prolonged  upwards  at  each  side  and  attached  to  the  lower  member 
of  the  machine  frame ;  the  lower  plate  is  fixed  to  the  axle.     The 
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front  end  of  this  machine  is  also  supported  upon  a  flanged  and  dished 
steel  plate,  fitted  and  bolted  to  the  axle,  with  a  thin  intervening 
strip  of  wood,  as  shown  in  Figs.  14  and  15.  By  this  arrangement 
the  road  wheels  are  brought  directly  under  the  main  cills  or  bottom 
members  of  the  frame,  as  seen  in  Fig.  15,  Plate  44,  without  specially 
increasing  the  height  of  the  machine  from  the  ground.  When  in 
work  the  machine  is  fixed,  or  made  rigid,  upon  its  wheels  by  driving 
wedges  in  between  the  frame  and  the  tops  of  the  wheels,  which 
expedient,  together  with  the  usual  chocks  under  the  wheels,  makes 
the  machine  stand  very  steady.  The  steel  carriage-frames,  as  above 
described,  are  at  the  same  time  very  light  and  very  durable. 

Davey  Paxman  and  Co.'s  Machine,  Figs.  25,  and  28  to  30,  Plates 
46  and  47. — Here  again  are  some  slight  modifications  in  arrangement. 
The  drum-heads  are  of  cast  iron  with  intermediate  wrought-iron 
rings,  the  heads  being  of  sufficient  weight  to  secure  the  necessary 
strength,  while  the  use  of  cast  iron  enables  the  makers  to  provide 
snugs  or  supports  at  the  backs  of  the  wooden  beater-beds.  The 
beaters  are  those  known  as  Gouchers.  The  drum  bearings  and  the 
supports  and  adjusting  screws  of  the  concave  are  in  this  machine 
all  carried  in  large  cast-iron  panels  A,  Fig.  30,  at  each  side  of  the 
machine.  These  parts  are  thus  firmly  held  and  fixed,  while  the 
panel  at  each  side  forms  itself  a  good  support  to  the  wood  framing. 
A  loose  piece  L  in  the  top  of  the  frame  on  each  side,  and  in  each 
panel  above  the  drum  bearing,  facilitates  the  removal  of  the  drum, 
when  necessary,  for  balancing  or  for  repairs.  All  the  bearings  in 
the  machine  are  carried  in  spherical  cups,  so  that  the  shrinkages 
and  settlements  due  to  climate  and  strains  have  little  or  no  effect 
upon  the  journals.  The  four  shakers  C,  Fig.  28,  are  carried  upon  two 
crank-shafts  S,  the  four  dips  upon  each  shaft  being  set  at  90  degrees 
apart.  The  upper  parts  of  the  shakers  C,  instead  of  being  covered 
with  cross  ribs  of  wood,  are  covered  with  perforated  iron  plates. 

It  may  be  useful  to  follow  the  relative  positions  of  the  four  shaker 
boxes  through  one  revolution  of  the  shaker  cranks,  in  order  to  give  an 
idea  of  the  extent  to  which  the  straw  is  shaken.  In  Fig.  23,  Plate  45, 
is  show_n  at  A,  for  all  the  machines  described,  the  position  of  the  four 


382  THRASHING    MACHINES.  APRIL  1881. 

boxes,  with  the  left-hand  dip  of  the  crank  in  its  uppermost  position; 
the  horizontal  dotted  line  in  this  and  the  three  following  figures 
representing  the  centre  line  of  the  crank-shaft.  At  B  is  shown  the 
position  of  the  shaker  boxes  and  the  straw  above  them,  when  the 
shaft  has  made  one  fourth  of  a  revolution.  In  this  quarter  revolution 
it  will  be  seen  that  the  two  end  boxes  have  entirely  changed  their 
positions.  At  C  is  shown  the  position  of  the  boxes  when  a  second 
quarter  revolution  of  the  shaft  has  been  made.  Here  again  it  is  seen 
that  from  a  transverse  inclination  in  one  direction  the  straw  is  tipped 
to  a  steeper  one  in  the  other  direction  :  only  to  be  reversed  again  to 
an  equal  extent  when  the  third  quarter  revolution  of  the  crank  has 
been  made,  as  at  D.  As  the  speed  of  the  shaker  cranks  in  the 
machines  described  varies  from  150  to  195  revolutions  per  minute,  it 
will  be  seen  that  these  changes  of  position  are  very  rapid.  The 
double-crank  arrangement  of  shakers  is  considered  by  many  to  be 
more  effective  than  the  single-crank  arrangement ;  but  both  systems 
are  adopted  by  eminent  makers. 

P.  and  H.  P.  Gibbons'  Machine.— Figs.  26,  and  31  to  33,  Plates  48 
to  50,  illustrate  this  machine.  A  sj)ecial  feature  is  an  exhaust  fan  at  N, 
Fig.  31,  for  drawing  the  chaff  from  the  lower  shoe  G  and  blowing  it 
upwards  into  the  chaff  box  F  above,  whence  it  drops  from  spouts  into 
bags  or  baskets.  Single-crank  shakers  C  C  are  employed,  similar  to 
those  already  described  ;  and  the  slight  differences  in  arrangement  of 
the  first  and  second  blast  fans  H  and  H2,  the  lower  dressing  shoe  G, 
and  the  upper  finishing  dressing  shoe  L,  are  sufficiently  clearly  shown 
in  the  drawings.  It  should  be  remarked  however  that  by  the 
arrangement  of  the  second  dressing  shoe  L  in  this  machine,  and  of 
the  blast  fan  H2  connected  with  it,  the  small  chobs  and  whitecoats, 
removed  in  the  awner  K  and  separated  in  the  sieves  L,  are  blown 
down  under  the  drum  B,  Fig.  32,  and  thence  to  the  riddles  E.  A 
similar  arrangement  is  also  adopted  for  this  purpose  in  the  other 
machines  described,  but  it  is  not  shown  in  all  the  drawings.  Fig.  32 
also  shows  the  machine  fitted  with  self-feeding  attachment  A,  by 
which  the  feeding  is  more  regularly  performed  than  by  hand.  This 
apparatus  covers  the  drum  B,  and  makes  a  drum-guard  unnecessary. 
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It  consists  essentially  of  shaker  frames  A,  worked  by  a  four-throw 
crank-shaft,  the  upper  part  of  the  shaker  frames  being  provided  with 
notched  boards  set  upright  upon  the  flat  boarded  covering  of  the 
frame.  Besides  the  movement  of  these  shakers,  tines  T,  reciprocating 
through  a  small  arc,  direct  the  corn  into  the  drum,  as  shown  in  Fig.  32. 

Bobey,s  Machine. — A  machine  presenting  several  features  worthy 
of  special   note   is  made  by  Messrs.  Eobey  and   Co.,  of  Lincoln, 
Fig.  36,  Plate  51.     The  frame  is  made  of  angle  iron,  riveted  together, 
as  shown  in  the  drawing.     The  frame  thus  made  is  not  only  light, 
but  it  is  also  very  strong,  and  has  the    special  advantage  that  it 
is  not  affected  by  heat  or  moisture.     The  shrinkage  to  which  wood 
is  subject,  especially  in  the  high  temperatures  of  the  summers  in 
most  foreign  countries  to  which  English  machinery  is  sent,  often 
causes  considerable  inconvenience ;  and,  where  care  is  not  taken  to 
keep  all  bolts  and  nuts  well  screwed  up,  most  of  the  bearings,  and 
especially  the  drum  bearings,  are  liable  to  heating  and  excessive  wear. 
These  difficulties  are  overcome  with  the  iron  frame ;  but  it  has  the 
disadvantage  that  it  is  sometimes  difficult  of  repair  after  accidents, 
such  as  occur  from  collision  with  field  gate-posts,  or  (as  is  far  from 
unknown  in  some  countries)  from  the  machine  getting  turned  over  on 
bad  roads.     The  shakers  C  are  also  arranged  upon  a  system  which 
differs  from  any  of  those  previously  described.     They  are  worked  by 
a  single  crank-shaft  S  at  about  a  quarter  of  their  length  from  the 
upper  or  delivery  end.     At  the  end  near  the  drum  B  they  are  carried 
upon  long  stirrup  irons,  jointed  to  hanging  bars  F,  which  are  pivoted 
behind  the  top  part  of  the  concave  B1 ;  one  of  these  hanging  bars  is 
also  utilised  for  conveying  motion  to  the  second  dressing  shoe  L. 
The  shakers  thus  mounted  have,  it  will  be  seen,  but  a  small  range 
of  vertical  motion  near  the  drum,  the  range  increasing  towards,  and 
being  greatest  at,  their  upper  ends  :  so  that  the  straw  travels  slowly 
when  first  leaving  the  drum,  and  while  full  of  corn,  cavings,  chaff 
&c,  but  the  rate  of  travel  and  the  amount  of  shaking  increase  as 
those  materials  are  shaken  out. 

Another  feature  of  this  machine  is  that  the  reciprocating  jog- 
board    under  the  shakers,  in  other  machines,  is  here   replaced  by 
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a  fixed  board  D,  over  which  travel  backwards  a  number  of  wooden 
cross-bars,  attacbed  to  a  pair  of  cbains  running  over  grooved  sheaves. 
By  tbese  travelling  bars  tbe  wbole  of  tbe  material  sbaken  out  of  the 
straw  is  delivered  on  to  tbe  upper  end  of  tbe  wood  riddle  E.  Tbe 
advantage  of  tbis  arrangement  is  tbat  tbe  upper  sboe  is  reduced  in 
weigbt  by  tbe  weigbt  of  tbe  usual  jog  board  D.  Tbis  reduction  is 
important,  in  view  of  tbe  rapidity  witb  wbicb  tbe  wbole  of  tbe  upper 
sboe  oscillates.  Tbe  reduction  in  weigbt  moreover  equalises  tbe 
weigbts  of  tbe  upper  and  lower  sboes,  and,  as  tbese  reciprocate 
always  in  opposite  directions,  any  vibration  of  tbe  macbine  is 
avoided.  Against  tbe  power  gained  by  reducing  tbe  weigbt  of  tbe 
upper  sboe  must  bowever  be  set  tbat  necessary  to  drive  tbe  endless 
cbains  and  wood  cross-bars  upon  tbe  board  D.  Again,  tbe  upper  and 
lower  sboes  are  bere  driven  by  means  of  eccentrics  T,  instead  of  cranks. 
After  tbe  dressing  in  tbe  lower  sboe  tbe  grain  is  elevated  as  in  otber 
macbines,  and  delivered  either  into  the  awner  K,  or  into  the  creeper  R 
if  no  awning  is  necessary.  The  direction  of  the  grain  into  either 
the  one  or  the  other  of  these  is  effected  by  means  of  a  plate  P, 
hinged  at  its  bottom  edge,  and  taking  either  of  the  positions  shown 
full  and  dotted,  the  end  of  the  plate  just  clearing  the  tips  of  the 
elevator  cups.  The  creeper  R  carries  the  grain  across  the  machine, 
and  delivers  it  into  a  spout,  from  which  it  is  either  passed  through 
the  rotary  screen  O,  or  led  direct  to  the  sacking  spouts. 

Amongst  other  makers  of  machines  which  Lave  earned  a  high 
reputation  are  Messrs.  Nalder  and  Kalder  of  Wantage,  and  Messrs. 
E.  R.  and  F.  Turner  of  Ipswich,  from  whom  the  Author  has  received 
very  full  information,  part  of  which  will  be  utilised  farther  on. 
But  to  describe  their  machines,  and  also  those  of  Messrs.  R.  Hornsby 
and  Sons,  Messrs.  Ruston  Proctor  and  Co.,  Messrs.  Marshall  Sons 
and  Co.,  and  others,  would  extend  the  paper  to  too  great  a  length. 

General  Constants  for  Thrashing  Machines. 

From  the  descriptions  which  have  now  been  given,  it  will  have 
been  seen  that  among  the  chief  elements  of  a  thrashing  machine 
the   drum   and   concave   stand  first.      In   the   large  fixed  machines 
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which  were  made  in  the  early  part  of  this  century,  and  even 
some  time  after  the  construction  of  the  portable  steam  thrashing 
machine  in  1842,  both  drum  and  concave  were  fitted  with  short 
pegs,  or  short  blunt  knives,  which  passed  between  each  other  ; 
but  with  these  the  straw  was  very  much  broken  and  cut  up,  while  the 
thrashing  was  no  better  than  with  the  beaters  and  concaves  now 
generally  used,  which  injure  the  straw  very  little  when  the  machine 
is  properly  fed.  With  the  old  peg-and-beater  drums,  as  they  were 
called,  a  comparatively  low  velocity  was  sufficient;  but  the  high 
velocity  used  for  the  modern  machines  here  described  is  now  easily 
obtained,  and  a  greater  quantity  of  work  can  be  done  with  the  modern 
drum.  It  is  moreover  necessary,  esjjecially  for  farms  near  large  towns, 
that  the  straw  should  be  damaged  as  little  as  possible.  The  average 
velocity  of  the  tips  of  drum-beaters  in  English  machines  is  nearly 
6000  feet  per  minute.  It  might  be  thought  that  with  this  velocity  a 
plain  beater  bar  would  thrash  as  efficiently  as  the  ribbed  beater  •  but 
this  does  not  seem  to  be  the  case,  although  plain  angle  and  other  bars 
are  used  for  machines  of  small  power. 

Inasmuch  as  all  other  moving  parts  of  a  thrashing  machine 
receive  their  motion  from  the  drum  spindle,  a  high  velocity  of  drum 
is  effective  in  maintaining  uniform  motion  of  those  parts ;  otherwise 
it  might  be  asked  whether  a  larger  diameter  of  drum  or  a  larger 
number  of  beaters,  with  a  lower  velocity,  might  not  be  advantageously 
employed.  For  maintaining  a  uniform  velocity  of  the  secondary 
parts,  a  considerable  weight  of  drum  is  sometimes  considered  essential  : 
thus  the  six-beater  drum  of  Messrs.  Eansomes  weighs  rather  more 
than  3i  cwt.,  while  the  eight-beater  drums  of  most  other  makers 
weigh  over  2^  cwt. 

As  all  parts  of  the  machine  receive  their  motion  from  the  drum 
spindle,  and  as  all  the  material  received  by  these  parts  must  first 
pass  through  the  drum,  and  depends  in  quantity  upon  the  drum 
capacity,  it  will  be  seen  that,  except  for  special  cases,  there  must  be  a 
direct  relation  not  only  between  the  circumferential  area  of  the  drum 
and  the  area  of  the  other  moving  parts,  but  also  between  the 
circumferential  velocity  of  the  drum  and  the  velocities  of  the  other 
parts ;  and  hence  also  between  the  product  of  area  multiplied  by 
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velocity  in  the  drum  and  in  the  other  moving  parts.  These  relations 
may  be  expressed  as  constants,  which  will  be  applicable  in  all  but 
special  cases.  A  set  of  such  constants  might  be  given  for  each 
different  machine ;  but  the  Author  will  here  deal  only  with  the 
constants  which  are  a  mean  of  the  constants  found  for  the  different 
machines  (including  those  of  Messrs.  Nalder  and  Nalder  and  of 
Messrs.  E.  E.  and  F.  Turner)  referred  to  in  this  paper. 

Constant  for  Shakers. — All  the  shakers  shown  in  the  drawings  are 
of  the  reciprocating  form,  receiving  their  motion  from  one  or  from 
two  cranks.  In  the  latter  case  any  part  of  each  shaker  section 
describes  a  circle,  the  direction  of  motion  always  being  such  that  in 
the  upper  part  of  the  circular  path  it  is  moving  away  from  the 
drum,  and  thus  carries  the  straw  upwards  and  forwards.  For  many 
years  Messrs.  Eansomes  made  a  rotary  shaker,  Fig.  6,  Plate  39, 
consisting  of  a  number  of  triangular  wooden  cross-bars,  which  revolved 
in  the  direction  of  the  arrows,  turning  in  stationary  bearings  at  each 
end  ;  they  were  provided  with  small  tines  at  each  apex  of  the  triangles. 
In  falling  from  apex  to  side  of  each  of  these  bars  the  straw  received 
a  shaking,  and  was  carried  forward,  partly  by  the  help  of  the  tines, 
which  were  curved  backward.  These  shakers  required  less  power  to 
do  their  work  than  those  shown  in  the  machines  described.  The 
shaking  was  not  however  found  to  be  always  sufficient  when  the  straw 
was  damp ;  and  when  very  damp,  it  often  wound  round  the  triangular 
bars  of  the  shaker,  and  thus  caused  the  stoppage  of  the  machine. 
The  form  of  shaker  shown  in  Fig.  2,  Plate  38,  has  for  this  reason 
been  adopted  by  the  firm.  The  employment  of  a  single  crank  and 
rocking  bearers,  or  of  two  cranks  and  no  rockers,  seems  to  be  entirely 
a  matter  of  individual  preference.  When  two  cranks  are  employed, 
the  vertical  range  of  movement  in  each  shaker  section  is  the  same 
throughout  its  entire  length ;  but  when  one  crank  only  is  used,  a 
greater  range  of  vertical  movement  is  given  to  the  free  end  of  each 
section,  while  that  of  the  end  attached  to  the  rocker  or  vibrating 
arm  is  very  small.  The  mean  range  of  vertical  movement  for 
the  whole  length  of  any  shaker  section,  whether  with  one  or  two 
cranks,  is  thus  about  the  same.     Generally  speaking  the  number  of 
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feet  moved  through  vertically  in  a  given  time,  by  that  part  of  the 
shaker  section  which  is  immediately  over  the  crank,  is  somewhat 
greater  with  double-crank  shakers  than  with  single-crank  shakers ; 
but  the  mean  total  movement  is  as  great  in  the  single-crank  shaker  as 
in  the  other,  depending  as  it  does  upon  the  distance  at  which  the 
crank  is  placed  from  the  middle  point  of  the  shaker  section,  as  well 
as  upon  the  throw  and  the  speed  of  revolution  of  the  crank.  The 
width  of  shakers  is  usually  very  nearly  the  same  as  the  length  of  the 
drum,  and  their  length  is  about  double  the  length  of  the  drum. 

A  considerable  stroke  is  necessary  for  a  shaker,  in  order  that  the 
shaking  of  the  straw  may  be  sufficiently  violent ;  a  very  short 
stroke,  even  with  a  high  velocity,  not  being  as  efficient  as  a 
similar  total  motion  per  unit  of  time  with  a  longer  stroke.  In 
comparing  tbe  velocity  of  movement  of  the  shakers  with  that  of  the 
drum  periphery,  it  is  therefore  not  sufficient  to  take  the  total  mean 
vertical  movement  (or  feet  moved  through  per  unit  of  time)  by  the 
shaker  sections,  but  it  is  necessary  to  assume  a  minimum  vertical  range. 
The  throw  of  the  crank  is  thus  to  a  certain  extent  fixed,  and  especially 
is  it  so  with  the  double-crank  shaker.  Comparing  a  number  of  double- 
crank  machines,  the  mean  stroke  is  found  to  be  4  •  6  in.,  with  a  mean 
of  348  •  4  strokes  or  174  ■  2  revolutions  per  minute ;  giving  a  vertical 
speed  of  133*5  ft.  per  min.,  or  0*0222  of  the  drum  surface-speed, 
which  is  about  6000  ft.  per  min.  Although  with  single-crank  shakers 
the  range  of  vertical  movement  at  the  free  ends  of  the  shaker  sections 
may  be  greater  than  the  throw  of  the  crank,  there  is  not  much 
difference  in  the  throw  used.  An  average  stroke  is  4 '25  in.,  with 
345  strokes  per  minute,  giving  a  vertical  speed  at  the  crank  of 
122-2  ft.  per  min.,  or  0*0203  of  the  drum  surface-speed. 

A  special  case  is  presented  by  the  shakers  now  employed  by  Messrs. 
E.  E.  &  F.  Turner,  the  object  of  which  is  to  secure  greater  range  of 
motion  in  the  shaker  sections,  with  a  single  crank.  This  is  effected  by 
making  each  section  in  two  parts  jointed  at  the  crank,  the  longitudinal 
frame  pieces  of  each  section  being  four  instead  of  two,  and  the 
movement  being  like  that  of  a  pair  of  scissors,  placed,  with  one 
handle  and  one  blade  nearly  level,  upon  cross  pieces  suspended  by 
hangers,  and  pivoted  upon  a  crank-pin.     A  somewhat  lower  speed 
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of  revolution  may  be  possible  with  this  shaker ;  but  the  crank  must 
have  a  throw  fully  equal  to  tbose  already  referred  to. 

With  a  given  throw  of  crank  it  may  thus  be  taken  that  the  total 
mean  vertical  speed  of  any  shaker  section  will  be  given,  according  to 
the  best  English  practice,  by  multiplying  the  drum  surface-speed  by 
the  mean  of  the  above  coefficients,  or  by  0  •  0213.  Were  it  not  that 
the  length  of  a  thrashing  machine  is  determined  by  the  necessary 
length  and  arrangement  of  other  parts,  the  shakers  might  be  shortened, 
and  the  same  amount  of  shaking  given  by  increasing  the  range  and 
velocity  of  the  shaker  sections  at  the  delivery  end. 

Constant  for  Caving  Biddies. — It  is  very  important  in  machines 
for  all  countries  that  a  sufficient  area  of  riddle  surface  should  be 
given.  Too  large  an  area  is  not  likely  to  be  given,  because  the 
length  of  the  caving  riddle  is  one  principal  element  in  determining 
the  length  of  the  machine,  and  it  is  also  desirable  to  keep  down  the 
weight  of  the  upper  first-dressing  shoe,  which  is  always  a  heavy 
reciprocating  part.  The  necessary  area  may  be  determined  by 
reference  to  the  developed  surface  of  the  drum  :  the  term  "  developed  " 
being  here  employed  to  express  the  product  of  the  circumferential 
area  and  velocity  in  feet  per  minute  of  the  drum,  and  similarly  also 
the  product  of  the  area  and  velocity  of  the  sieves.  In  the  case  of  the 
machines  described  the  mean  developed  surface  of  the  caving  riddle 
is  2446  •  6  ft.  per  min.,  and  the  coefficient  in  terms  of  the  developed 
surface  of  the  drum  is  0*09374.  But,  as  a  large  area  of  riddle  with 
a  short  stroke  is  more  likely  to  be  efficient  than  a  small  area  with 
a  long  stroke,  the  best  coefficient  for  riddle  area  will  perhaps  be  that 
which  expresses  the  actual  area  in  terms  of  the  developed  drum 
surface.  The  coefficient  expressing  this  is  0- 000802,  the  actual  mean 
area  of  the  riddle  being  21-467  sq.  ft.  The  effective  area  will  of 
course  be  dependent  upon  the  pitch  of  the  holes.  This  ranges 
from  1  in.  to  1^  in.  transversely,  and  from  li  in.  to  If  in. 
longitudinally,  the  holes  being  in  almost  all  cases  in  zigzag 
transverse  lines.  The  mean  speed  of  reciprocation  of  the  riddles  in 
eight  machines  is  114* 54 ft.  per  minute;  and  the  corresponding 
coefficient,   expressing  the  ratio  of  riddle  speed  to  drum  surfaee- 
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speed,  is  O- 01909.  Omitting  two  machines  in  which  the  velocity  is 
considerably  less,  and  one  machine  in  which  the  velocity  is  much 
higher  than  in  the  others,  this  coefficient  becomes  0*018869. 

Constant  for  Lower-Shoe  Sieves. — The  first  of  these  is  the  chaff 
sieve,  which  is  usually  of  sheet-iron  perforated  with  round  holes  f  in. 
in  diameter.  This  sieve  is  so  placed  as  to  receive  a  blast,  adjustable 
as  to  intensity,  upon  its  under  surface.  The  chaff  is  thus  blown  away 
over  the  end  of  the  sieve,  while  the  grain  and  heavier  particles  fall 
through  to  the  first  dressing  sieve,  or  on  to  an  inclined  jog-board, 
and  thence  to  the  first  dressing  sieve.  There  is  generally  however 
some  lighter  grain,  or  some  single  grains  to  which  pieces  of  the  ear 
adhere.  The  specific  gravity  of  these  is  sufficiently  low  to  permit 
their  being  carried  some  distance  with  the  chaff;  and  in  order  to 
prevent  their  being  carried  away  altogether,  the  narrow  board  Z, 
Fig.  2,  Plate  38,  adjustable  as  to  height  and  inclination,  is  placed 
near  the  end  of  the  chaff  sieve  G.  This  board,  as  well  as  the  blast, 
has  to  be  so  adjusted  that  all  grains  containing  chaff  and  chobs  may  be 
just  caught  on  the  board,  and  may  be  delivered  thence  into  the  chob 
spout  V ;  whence  they  fall  into  baskets  and  are  again  passed  through 
the  drum.  The  grain  sieves,  for  which  grooves  in  the  shoe  are 
provided,  are  from  two  to  four  in  number,  and  vary  in  size  of  mesh 
from  -^  to  f  in.,  according  as  they  deal  with  seeds  smaller  than 
wheat,  with  wheat,  or  with  barley  and  oats.  The  necessary  area 
of  each  of  these  sieves  may  again  be  taken  as  a  function  of  the 
developed  drum  surface,  and  the  velocity  of  their  reciprocation  as  a 
function  of  the  drum  surface-velocity.  The  mean  area  of  these 
lower-shoe  sieves  in  eight  machines  is  6*091]  sq.  ft.,  the  mean 
developed  area  is  722  ■  55  sq.  ft.  per  min.,  and  the  mean  velocity  of 
reciprocation  is  115*7  ft.  per  min..  There  is  considerable  variation 
in  these  areas  and  speeds;  but  the  above  mean  values  coincide 
closely  with  the  dimensions  employed  by  two  of  the  largest  makers. 
The  coefficient  for  the  actual  area  of  the  sieves,  in  terms  of  the 
developed  drum  surface,  is  0*000262;  while  the  coefficient  for 
developed  sieve  area  is  0*02647.  The  relation  between  the  velocity 
of  reciprocation  of  the  sieves  and  the  drum  surface-velocity  is 
expressed  by  the  coefficient  0*019285. 

2  i 
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Constant  for  Second-Dressing  Shoe  Sieves. — The  sieves  of  the 
second-dressing  shoe  L,  Plates  38  and  39,  are  also  under  the  command 
of  a  fan  blast  from  a  small  second  fan,  in  all  machines  except  that  of 
Messrs.  Garrett.  This  blast  blows  away  the  chaff,  or  white  coats  and 
dust,  removed  by  the  awner ;  tho  arrangement  of  the  blast-opening 
with  relation  to  these  sieves  usually  being  such  that  a  third  blowing 
is  given  to  the  grain,  as  it  leaves  the  last  sieves.  Grooves  are 
provided  for  four  sieves,  and  usually  at  least  three  sieves  are  used  at 
one  time.  Some  of  these  are  of  woven  wire  and  some  of  perforated 
plate,  a  sieve  with  parallel  wires  being  used  for  oats.  The  average 
area  of  sieve,  in  seven  machines,  is  2*867  sq.  ft. ;  but  in  two  of  these 
the  area  is  considerably  larger,  while  the  developed  area  is  also  larger. 
In  these  cases  it  is  true  that  the  first-dressing  sieve  area  is  also  large  ; 
but  the  large  area  of  the  second-dressing  sieves  is  probably  provided 
in  consequence  of  only  two  first-dressing  sieves  being  here  used,  instead 
of  three  or  four.  It  may  however  be  noted  that  by  a  few  makers  the 
sieve  areas  are  made  sufficient  to  suit  a  wide  range  of  requirements ; 
while  other  makers  modify  the  sieve  areas  according  to  the 
known  requirements  of  the  district  in  which  the  machine  is  to 
be  used.  The  few  makers  referred  to  send  the  same  machine 
to  most  countries  from  which  they  have  orders ;  but  this  can 
only  be  done  by  making  some  parts  much  larger  than  is  necessary 
for  some  purchasers.  Expressing  the  second-dressing  sieve  areas 
in  the  same  terms  as  before,  the  coefficient  for  the  actual  area  is 
0  •  0001065,  while  that  for  the  developed  area  is  0  ■  01063.  The  mean 
velocity  of  reciprocation  is  100*09  ft.  per  min. ;  and  the  relation 
between  this  and  the  mean  drum  surface-speed  is  given  by  the  constant 
0-01668. 

Fans,  First-blast.  The  mean  width  of  the  first-blast  fan,  in  seven 
machines,  is  35  •  8  in.,  the  mean  diameter  21  ■  5  in.,  and  mean  number 
of  revolutions  per  minute  582  •  5.  The  quantity  of  air  delivered  by 
this,  and  by  the  second-blast  fan,  may  be  expressed  in  terms  of  the 
developed  surface  of  the  drum. 

Fans,  Second-blast.     The  mean  width  of  these  fans  is  7-707  in.,. 
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and  the  mean  diameter  17*33  in. ;  in  each  case  leaving  out  of  account 
one  unexplained  exceptional  size.  The  mean  number  of  revolutions 
per  minute  is  695*33. 

Screens. — Most  of  the  screens  employed  are  of  Messrs.  Penney's 
design,  and  all  are  adjustable  in  inclination.  The  mean  diameter 
employed  is  16*72  in.,  and  the  revolutions  per  minute  39.  The 
largest  diameter  is  18  in.,  running  at  40  to  50  revolutions  per 
minute ;  this  is  in  what  may  be  termed  the  heavy  class  of  machines. 

It  may  here  be  noticed  that  the  machines  under  trial  at  the  Cardiff 
meeting  of  the  Eoyal  Agricultural  Society  in  1872,  having  drums  4  ft. 
6  in.  long,  required  on  an  average  about  1 1  HP.  to  work  them,  when 
thrashing  one  ton  of  wheat  in  the  sheaf  in  from  fifteen  to  twenty 
minutes.  The  power  required  to  work  them  empty  ranged  from  52 
to  77  per  cent,  of  that  necessary  to  work  them  full.  The  heavy 
reciprocating  parts,  hanging  upon  non-synchronous  pendulum 
rods,  consumed  a  great  quantity  of  power  :  it  has  been  estimated 
that,  of  the  whole  power  consumed,  the  drum  takes  40  per  cent., 
the  shakers  and  caving  riddle,  with  the  other  parts  of  the  upper  first- 
dressing  shoe,  40  per  cent.,  and  the  remaining  parts  of  the  machine 
20  per  cent. 

This  paper  has  already  extended  to  such  length  that  many 
questions  relating  to  the  construction  and  working  of  thrashing 
machines  must  remain  unnoticed.  Attachments — including  the  straw- 
chopping  drums  of  Messrs.  Eansome  and  of  others,  Messrs.  Nalder's 
attached  straw  elevator,  &c. — as  well  as  machines  to  be  worked  by 
horses,  and  machines  of  various  special  classes,  must  also  be  reserved 
for  some  future  occasion.  In  the  Appendix  is  given  however  a 
description  of  the  forms  of  drum  guard  used  by  the  makers  here 
referred  to.  To  these  gentlemen  the  writer  wishes  here  to  express 
his  indebtedness,  for  the  readiness  and  courtesy  with  which  they  have 
assisted  him  by  giving  every  information  requisite  for  the  preparation 
of  this  paper. 


2  i  2 
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APPENDIX.— DRUM  GUARDS. 

In  August  1879  an  Act  came  into  force,  which  had  for  its 
object  the  prevention  of  accidents  on  thrashing  machines.  This 
Act  made  it  compulsory  to  protect  those  engaged  in  working 
thrashing  machines  from  falling  into  the  drum-mouth,  by  providing 
a  guard  which  would  cover  the  mouth  or  the  drum,  as  soon  as  any 
pressure  not  necessary  for  working  the  machine  was  brought  upon  the 
feed  board,  or  upon  a  hood  opposite  to  it.  Previous  to  this,  in  1874, 
the  Royal  Agricultural  Society  had  offered  prizes  for  the  most  efficient 
drum  guard,  and  in  1875  about  a  dozen  guards  were  entered  for  trial. 
Since  that  time  considerable  modifications  have  been  made  in  the 
different  guards.  Some  of  the  principal  forms,  as  fitted  to  the 
machines  here  described,  are  shown  in  the  drawings.  It  has 
seldom  or  never  happened  that  the  feeder  has  met  with  an  accident 
by  falling  into  the  drum-mouth  when  in  the  feeding  box  ;  but  those 
engaged  in  attendance  upon  the  feeder,  on  the  platform  of  the 
machine,  have  sometimes  been  killed  in  this  way.  Such  accidents 
have  most  frequently  happened  in  sweeping  the  loose  corn  into 
the  drum,  when  the  thrashing  is  nearly  finished ;  or  else  from 
attendants  walking  about  on  the  platform  when  the  feeder  was  not 
in  the  box.  By  some  makers  it  has  therefore  been  held  that  a  simple 
hood  over  the  drum-mouth,  to  be  closed  by  the  feeder  when  he  stops 
work,  is  a  sufficient  protection. 

The  guard  attached  to  the  machines  made  for  this  country  by 
Messrs.  Ransomes  Head  and  Jefferies  is  shown  in  Plate  52,  Figs.  37 
and  38,  which  show  the  drum-mouth  as  open,  and  as  closed  by  the  guard 
flap.  This  guard  is  so  constructed  that  it  is  almost  impossible  for 
anyone  to  fall  into  the  drum  B.  A  self-acting  flap  or  shutter  F,  which 
when  down  completely  closes  the  mouth  of  the  drum,  is  so  arranged 
that  when  open  it  does  not  interfere  with  feeding  the  machine,  but 
will  drop  instantly  and  close  the  drum-mouth  if  anyone  falls  upon 
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either  the  hood  H  or  the  feed-board  A.  Sweepings  can  be  swept  into 
the  drum  as  usual.  The  flap  F  is  hinged  at  its  lower  edge,  and  is 
kept  up,  so  as  to  leave  the  mouth  of  the  drum  open,  by  a  hook  C 
on  the  inside  of  the  hood,  which  engages  a  projection  on  the  upper 
part  of  the  flap.  The  feed-board  A  is  connected  with  the  hood  H 
by  a  lever  centred  at  E  and  by  the  connecting-rod  1).  If  anyone 
falls  on  to  the  hood  H,  or  on  to  the  feed-board  A,  the  hook  is 
depressed,  and  this  at  once  liberates  the  flap  F,  which  closes  instantly, 
as  shown  in  Fig.  38.  A  piece  of  board  can  be  removed  from  the 
platform  at  the  back  of  the  hood,  and  this  allows  the  hood  to  be  set 
back,  thus  making  the  mouth  wider,  if  required.  The  flap  is  made 
in  two  pieces,  which  slide  one  over  the  other,  and  are  provided  with 
set-screws  to  set  them  to  the  required  width.  There  is  a  second  hole 
G  in  the  end  of  the  lever  E,  for  receiving  the  lower  end  of  the 
connecting-rod  D  when  the  mouth  is  set  wider.  The  range  of 
motion  in  either  hood  or  feed-board,  necessary  to  liberate  the  flap,  is 
very  small ;  and  anyone  stumbling,  even  at  the  end  of  the  drum-mouth, 
could  not  fall  into  the  mouth  without  knocking  or  pressing  either 
hood  or  flap  sufficiently  to  liberate  the  flap. 

The  arrangement  of  guard  used  by  Messrs.  Clayton  and 
Shuttleworth  is  shown  in  Plate  52,  Figs.  39  and  40.  The  hood  H  is 
pivoted  in  bearings  C,  the  caps  of  which  are  held  down  by  a  stud  at  one 
end,  while  the  other  end  projects  and  rests  upon  a  short  spiral  spring, 
against  the  resistance  of  which  the  nut  of  the  stud  is  screwed  down. 
The  caps  thus  hold  the  pivots  with  a  frictional  grip,  the  amount  of 
which  is  determined  by  the  pressure  put  on  the  springs.  This 
grip  is  made  sufficient  to  hold  the  hood  up  under  ordinary  working 
conditions ;  but  any  extraordinary  pressure,  either  upon  the  hood  or 
upon  the  feed-board  A  (which  is  connected  with  it  by  a  pair  of  flat 
bar  connectors),  causes  the  feed-board  to  tilt  upon  its  pivots,  and  the 
hood  to  fall  and  cover  the  drum-mouth.  For  this  purpose  the  feed- 
board  pivots  are  prolonged  through  their  bearings  to  the  outside  of 
the  machine,  and  there  carry  short  levers  L  L,  Fig.  40  ;  and  the 
boards  G  G,  forming  that  part  of  the  platform  of  the  machine  wbich 
is  beyond  the  ends  of  the  drum-mouth,  are  hinged  at  their  outer 
edges,  and  at  the  inner  edges  rest  upon  these  levers.     Any  pressure 
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upon  theso  boards  consequently  tilts  the  feed-board  A,  and  tbe 
drum-mouth  is  thus  completely  protected. 

Messrs.  Richard  Garrett  and  Sons  are  of  the  opinion  shared  by 
many,  that  there  is  no  danger  of  accident  so  long  as  the  feeder  is  in 
his  place ;  and  they  therefore  make  a  guard,  Fig.  14,  Plate  43,  which 
always  covers  the  drum  so  long  as  there  is  no  one  in  the  feeding  box  A. 
The  hood  II  is  pivoted  a  short  distance  above  the  platform,  and  a 
pair  of  short  levers  extend  below  the  bottom  of  the  hood  at  either 
end.  To  these  are  attached  cords  or  chains  running  over  small 
sheaves,  and  connected  at  their  other  ends  to  the  board  A  forming  the 
bottom  of  the  feeding  bos.  This  board  is  pivoted  at  its  front  edge  as 
shown,  and  when  the  feeder  is  absent  it  is  held  up  (as  shown  dotted) 
in  an  inclined  position  by  the  weight  of  the  hood  acting  on  the 
connecting  cord;  but  the  feeder's  weight  depresses  this  board,  and 
the  hood  is  thus  held  up  while  he  is  in  the  box. 

The  guard  employed  by  Messrs.  Davey  Paxman  and  Co.  consists 
simply  of  a  hood  H  held  up  in  position  for  thrashing  by  a  large  box 
door-spring  S  fastened  to  the  upper  part  of  the  drum-mouth  frame, 
and  bearing  against  the  centre  of  the  underside  of  the  hood,  as  in 
Plate  47,  Fig.  30. 

The  drum  guard  shown  in  Plate  50,  Figs.  34  and  35,  is  that 
used  by  Messrs.  Gibbons,  when  their  automatic  feeder  is  not  attached. 
It  is  shown  open  in  Fig.  34,  and  closed  in  Fig.  35.  The  feed- 
board  A  is  so  pivoted  that  the  upper  part  bends  downwards  into  the 
position  shown  in  Fig.  35,  when  pressed  upon  more  heavily  than 
is  usual  in  feeding.  This  at  the  same  time  raises  the  lower  part  of 
the  feed-board,  which  is  in  the  drum-mouth,  and  by  means  of  the 
connecting  links  or  rods  L  L  lowers  the  upper  part  of  the  hood  H. 
The  hood  being  pivoted  at  about  its  horizontal  centre,  its  lower 
part,  on  being  thus  pushed  backward,  pulls  up  the  board  C,  which  is 
attached  to  it  by  a  chain,  so  as  to  make  it  meet  the  lower  edge  of 
the  feed-board.  By  this  means  the  opening  at  0  is  so  far  closed  as 
to  exclude  any  large  object,  while  the  lower  part  of  the  drum-mouth 
is  completely  closed,  as  shown  in  Fig.  35.  The  feed-board  A  is  also 
connected  to  a  ratchet  quadrant  Q.  When  the  board  is  depressed, 
this  quadrant  is  carried  round  by  it,  and  the  board  is  held  in  the 
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new  position  by  a  spring  bar,  which  takes  into  the  ratchet-teeth. 
This  spring  must  be  lifted  out  of  the  teeth  before  the  board  can  be 
released.  The  feed-board  may  be  adjusted  to  act  under  any  pressure 
deemed  desirable  as  a  limit,  by  attaching  the  link,  which  connects  the 
board  and  quadrant,  by  any  one  of  the  four  holes  made  in  it  for  the 
purpose.  The  other  board  C  closing  the  drum-mouth  is  also  held  up 
by  a  catch  behind,  as  shown  in  Fig.  35  ;  and  the  catch  has  to  be 
released  by  a  cord,  in  order  to  lower  the  board  C  and  open  the 
drum-mouth  again,  as  in  Fig.  34. 

The  guard  used  on  the  machine  made  by  Messrs.  Eobey  and  Co. 
is  arranged  like  Messrs.  Garrett's,  so  that  the  drum-mouth  is  always 
closed  when  the  feeder  is  absent ;  and  for  the  same  reasons.  A  hood 
is  placed  at  the  back  of  the  drum-mouth,  and  a  hinged  board  therein 
is  connected  by  curved  links  to  the  bottom  of  the  feed-bos,  which 
is  also  hinged.     The  depression  of  the  bottom  opens  the  hood. 

There  is  one  more  drum  guard  to  which  attention  should  be 
drawn,  namely  that  shown  in  Plate  52,  Figs.  41  and  42,  and  made  by 
Messrs.  E.  E.  and  F.  Turner.  The  feed-board  consists  of  two 
parts,  an  upper  A,  and  a  lower  C,  connected  by  end  pieces  and 
hinged  to  the  top  of  the  concave  B1.  Pivoted  to  these  end  pieces 
is  a  double-armed  lever  L,  the  long  arm  of  which  rests  upon  a 
spring  S,  while  the  short  arm,  which  is  hooked  at  its  end,  engages 
with  a  link  J,  pivoted  near  its  upper  end  and  hinged  to  a  board  I. 
When  accidental  pressure  is  brought  to  bear  on  the  feed-board  A, 
the  short  arm  of  the  lever  L  is  raised,  the  link  J  is  liberated,  and 
the  board  I,  suspended  by  the  link  J,  immediately  slips  down  by 
its  own  weight,  and  covers  the  drum-mouth,  as  shown  in  Fig.  42. 

There  are  many  other  drum  guards  in  use ;  but  those  described 
are  sufficient  to  show  the  general  construction  of  these  somewhat 
important  and  ingenious  safety-appliances. 
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Discussion  on  Thrashing  Machines. 

Mr.  Beaumont  exhibited  a  pair  of  dished  steel  locking  plates  with 
cross-bearer,  as  used  by  Messrs.  Garrett  and  Sons  ;  also  specimens  of 
beater-bars  from  Messrs.  Garrett  and  Sons,  and  Messrs.  Clayton  and 
Shuttleworth.  He  also  called  attention  to  one  of  Goucher's  beaters 
made  of  malleable  cast-iron,  kindly  lent  by  Mr.  A.  Barclay  ;  this 
was  twisted  up,  as  an  illustration  of  the  way  in  which  that  iron  could 
be  twisted  about  without  breaking :  although  the  beater  was  actually 
used  in  the  straight  form,  in  the  same  way  as  others.  He  also  showed 
photographs  of  machines  made  by  Messrs.  Clayton  and  Shuttleworth. 
He  observed  that  the  limits  imposed  on  the  paper  in  reading  had 
necessitated  leaving  out  several  points  upon  which  discussion  might 
perhaps  have  arisen.  For  instance,  all  these  machines,  as  now  used 
in  England  at  least,  were  fitted  with  a  guard  over  the  drum,  so  that 
persons  could  not  fall  into  the  drum  and  be  hurt,  nor  accidents  take 
place  after  the  thrashing  was  finished,  when  the  men  were  sweeping 
the  sweepings  into  the  drum.  These  drum  guards  were  described 
in  the  Appendix.  He  might  also  mention  an  apparatus  by  Messrs. 
Clayton  and  Shuttleworth  for  chopping  the  straw  into  short  pieces, 
after  it  left  the  main  drum  and  shakers,  as  fitted  to  machines 
intended  for  countries  where  straw  was  used  for  fodder.  There  were 
also  many  small  machines  driven  by  horses;  and  others  with 
attachments,  such  as  an  elevator  fixed  to  the  front  of  the  machine, 
to  take  the  straw  away  from  the  shakers  direct  to  the  straw  rick. 

With  respect  to  the  coefficients  which  he  had  given  in  the  paper, 
this  was,  he  believed,  the  first  time  any  attempt  had  been  made  of 
that  kind  ;  and  further  time  and  attention  might  be  necessary  for 
developing  them  fully,  especially  where  some  diversity  of  practice 
existed  among  makers  :  as,  for  instance,  in  the  number  of  sieves  that 
were  in  use  at  the  same  time. 

Mr.  Jeremiah  Head  said,  if  he  troubled  the  meeting  with  any 
remarks,  it  was  because  he  was  one  of  the  members  of  Council  to  whom 
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this  paper  had  been  referred,  according  to  the  ordinary  custom,  to  be 
read  over,  before  it  was  laid  before  the  Institution.  He  must  say  that 
after  reading  it  he  felt  it  was  a  very  valuable  paper  indeed,  and  one 
the  preparation  of  which  must  have  cost  the  author  an  immense 
deal  of  time  and  trouble.  He  also  felt  after  reading  it  that  he  knew  a 
great  deal  more  about  the  inside  of  one  of  those  mysterious-looking 
machines  than  he  ever  did  before.  As  a  boy  he  had  had  the  run  of  a 
farm  in  an  agricultural  county,  where  at  that  time  thrashing  by  the 
flail  was  still  very  much  in  vogue.  The  thrashing  machine  seemed  to 
him  to  embody  all  the  crude  operations  of  the  flail,  and  to  add  certain 
operations  which  could  not  formerly  be  done  at  all.  All  the  corn  was 
then  of  necessity  brought  into  the  barn,  in  order  that  it  might  be 
thrashed  on  the  floor.  After  the  flail,  which  answered  to  the  drum 
of  the  machine,  had  been  in  operation  for  some  time,  the  straw  was 
removed  with  a  pitchfork,  leaving  the  grain,  chaff,  seed,  &c,  mixed 
together  upon  the  floor.  Next,  all  the  wheat  and  chaff  was  put  into  a 
winnowing  machine,  where  it  was  subjected  to  a  process  of  fanning, 
similar  to  that  in  the  thrashing  machine.  The  corn  was  then 
supposed  to  be  fit  for  the  market,  except  in  respect  of  sifting  and 
screening,  which,  if  done  at  all,  was  done  by  ordinary  hand  sieves. 
It  was  evident  that  this  plan  must  have  required  an  immense  amount 
of  manual  labour.  It  also  necessitated  the  bringing  of  all  the  corn 
into  a  central  place,  and  the  straw  was  stacked  near  at  hand.  This 
afforded  great  opportunities  for  those  rickyard  fires,  by  which  offended 
labourers  were  able  to  revenge  themselves  in  a  very  disastrous 
manner.  But  the  thrashing  machine,  which  did  the  whole  of  the 
operations  needed,  could  be  taken  to  the  fields  where  the  corn  was 
produced ;  the  corn  could  be  thrashed  there,  and  the  straw  need  not 
be  uselessly  and  dangerously  concentrated  in  one  place.  He  believed 
that  many  of  the  other  operations,  such  as  the  screening,  the 
separation  of  the  seeds  &c,  were  not  done  at  all  in  the  old  times ; 
and  therefore  the  market  value  of  the  product  must  be  very  much 
improved  by  the  machines. 

He  did  not  propose  to  attempt  any  criticism  of  the  machines,  but 
would  ask  Mr.  Beaumont  one  or  two  questions  on  matters  of  detail. 
In  the  first  place,  he  believed  that  at  one  time  Messrs.  Clayton  and 
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Shuttle-worth  used  to  elevate  the  corn  from  the  bottom  of  the  machine 
to  the  top  by  a  fan  placed  inside  of  a  Jacob's  ladder.  Perhaps  Mr. 
Beaumont  would  state  why  that  had  been  abandoned,  if  it 
had  been  abandoned.  In  the  next  place  they  had  heard  that 
in  some  important  parts  of  the  machine  iron  or  steel  had 
been  substituted  for  wood,  notably  in  the  case  of  Messrs.  Garrett 
and  Sons'  fore  carriage.  He  should  like  to  know  whether  it  was  out 
of  the  question  still  further  to  extend  the  use  of  iron  and  steel  in  the 
machine.  There  seemed  to  be  a  very  large  quantity  of  wood  in  it, 
and  wood  was  a  perishable  material ;  besides,  in  implements  which 
were  to  be  dragged  about  rough  roads  for  a  long  time,  it  was  difficult 
to  fasten  wood  together  so  as  to  avoid  shaking  apart  at  the  joints.  Of 
course  the  question  of  lightness  might  be  urged  in  reply  to  this. 
Inasmuch  as  the  specific  gravity  of  iron  was  about  twelve  times  that 
of  wood,  a  sheet  of  iron  i  in.  thick  would  equal  in  weight  a  plank 
of  wood  about  1J  in.  thick ;  and  therefore,  as  1  in.  would  be 
about  the  thickness  of  most  parts  of  the  machine,  iron  or  steel  only 
•jL.  in.  thick  would  have  to  be  used  in  order  to  keep  down  to  the 
same  weight.  Still,  considering  what  progress  had  been  made  in 
recent  years  in  the  art  of  securing  strength  in  thin  sheets  of  iron  or 
steel,  by  corrugating,  or  by  stamping  after  the  form  of  Mallet's 
buckled  plates,  it  seemed  not  altogether  out  of  reason  to  hope  that 
a  good  many  parts  of  the  machine,  such  as  the  sides,  might  be  made 
of  steel  sheets,  say  -^  in.  thick,  in  the  form  of  panels. 

Mr.  W.  E.  Eich  thought  it  might  be  well  to  remind  members  that 
they  would  find  a  great  many  valuable  statistics  of  the  performances 
of  thrashing  machines  in  the  Journal  of  the  Eoyal  Agricultural 
Society  for  the  year  1872  (p.  404),  describing  the  trials  of  thrashing 
machines  which  took  place  at  Cardiff.  Some  thirty  machines  by 
different  makers  were  subjected  to  very  crucial  tests  on  a  dynamometer, 
and  statistics  of  the  sizes  of  the  machines  were  given,  with  the 
number  of  men  employed  upon  them,  the  time  they  took  to  thrash 
out  grain,  whether  wheat,  barley,  or  oats,  the  way  in  which  they 
did  their  work,  the  economy  of  power  when  thrashing  the  different 
materials,  and  the  proportion  of  power  taken  to  work  each  machine 
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empty  compared  with  that  taken  when  it  was  thrashing.  The 
economical  results  were  worked  out  for  each  machine,  as  had  become 
usual  with  other  agricultural  machines  of  late  years,  in  terms  of  the 
ft.-lbs.  expended  per  pound  of  sheaf  corn  thrashed.  The  average 
figure  was  about  2500  ft.-lbs. ;  in  other  words,  a  sheaf  of  corn 
would  have  to  be  raised  2500  ft.  to  represent  the  power  consumed 
in  thrashing  it. 

In  thrashing  machines  generally  it  was  singular  how  unanimously 
makers  had  come  to  certain  fixed  dimensions  for  the  diameter  and 
length  of  drum,  and  for  the  sizes  of  many  parts.  Nearly  all  the 
machines  sent  to  Cardiff  had  drums  4  ft.  6  in.  long  ;  one  or  two  had 
drums  5  ft.  long,  but  those  were  abnormal  machines  for  foreign  work. 
He  thought  most  English  makers  were  agreed  in  speeding  their 
machines  so  that  the  driving  belt  from  the  engine  should  run  at  one 
uniform  speed  of  1884  ft.  per  min.  He  believed  that  figure  was 
originally  derived  from  instructions  issued  by  the  Eoyal  Agricultural 
Society  many  years  ago.  At  Cardiff  there  was  one  iron-framed 
machine,  which  was  commented  upon  favourably  by  the  judges; 
but  he  had  not  seen  it  reproduced  many  times  since.  There  was  one 
point  in  connection  with  thrashing  machines  which  he  had  often 
noticed,  namely  the  use  of  wood  connecting-rods  or  links,  for  working 
the  shakers  and  many  other  parts,  instead  of  multijdying  the  number 
of  bearings  and  bearing  pins,  which  latter  in  the  dust  of  thrashing 
would  very  soon  wear  out,  and  would  all  require  lubrication.  Most 
makers  of  thrashing  machinery  used  a  light  thin  lath  of  wood, 
generally  straight-grained  ash,  with  sufficient  spring  in  it  to  allow 
the  necessary  amount  of  motion  without  any  pins  at  the  ends.  He 
had  sometimes  thought  there  were  other  cases,  in  the  practice  of 
mechanical  engineers,  where  a  similar  lath,  whether  of  wood  or  of 
steel  or  iron,  might  be  used  with  advantage. 

The  President  asked  Mr.  Eich  whether  the  diagonal  feeding  of 
the  corn  into  the  beater,  which  he  believed  was  now  usual,  made  the 
machines  go  lighter  or  heavier ;  in  other  words,  what  effect  it  had 
upon  the  horse-power  required  to  work  them,  as  given  on  p.  391. 
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Mr.  Rich  did  not  remember  any  statistics  as  to  the  influence  of 
that  condition  on  tho  economy  of  power.  No  doubt  many  workmen 
did  lay  tho  corn  in  diagonally,  and  some  even  threw  it  in  almost 
parallel.  Tho  head  of  the  grain  fell  forward  directly  it  was 
released  from  the  hand,  and  it  was  formerly  thrown  in  almost 
perpendicularly  to  the  length  of  the  drum  ;  now  the  feeding  was  done 
very  much  aslant,  and  when  tbe  straw  was  required  for  thatching, 
it  was  fed  in  parallel  to  the  drum,  as  that  mode  of  feeding  did  not 
break  the  straw  so  much.  The  number  of  drum-guards  brought 
before  the  Royal  Agricultural  Society  of  late  years  was  almost  legion. 
They  were  now  fitted  to  all  machines  in  England,  being  required  by 
law ;  but  he  thought  the  authorities  of  the  Society  recognised  that 
there  was  still  room  for  a  good,  simple,  and  effective  drum-guard, 
which  should  not  interfere  with  the  feeder  performing  his  work. 

Mr.  V.  Pbndeed  said  Mr.  Rich  had  spoken  of  the  uniform 
dimensions  of  thrashing  machines.  He  himself  had  made  one  in 
1862  for  a  barn,  with  a  drum  5  ft.  6  in.  wide, — probably  about  as 
wide  as  any  that  had  ever  been  made  in  England.  There  were 
a  great  many  scientific  points  connected  with  the  construction  of 
thrashing  machines,  which  might  probably  escape  the  attention  of 
engineers  who  had  not  devoted  special  attention  to  the  subject.  There 
was  a  popular  idea  among  many  engineers  that  an  agricultural 
machine  was  a  rough,  simple  thing,  that  could  be  made  by  anybody ; 
but  when  it  was  considered  how  thrashing  machines  had  been 
worked  up  from  very  crude  and  simple  arrangements  to  what  they 
were  now,  he  thought  it  might  be  justly  said  that  the  inventors  of 
those  machines  were  as  good  engineers  and  as  clever  schemers  as 
had  ever  lived.  For  instance,  if  any  engineer,  not  accustomed  to 
thrashing  work,  were  asked  to  drive  a  heavily-loaded  shaft,  with  a 
strong  pull  on  the  belt,  at  1300  revs,  per  min.,  and  to  keep  it 
perfectly  cool  at  the  same  time,  he  thought  that  engineer  would 
insist  on  as  firm  a  frame  to  put  it  on  as  ho  could  possibly  get.  Yet 
thrashing  machines  ran  at  about  that  speed,  and  ran  cool ;  and  that 
often  when  their  old  wooden  frames  had  been  greatly  shaken,  and  had 
become  quite  rickety.     That  result  had  been  accomplished  by  very 
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careful  adjustment  and  proportioning  of  the  dimensions  of  the 
bearings,  brasses,  and  shaft.  Mr.  Beaumont  had  referred  to  the  use 
of  cutters  for  chopping  the  straw  as  it  came  from  the  machine. 
These  cutters  were  rollers.  Knives  set  on  a  drum  passed  between 
little  fixed  studs;  and  in  one  instance  which  he  had  seen  he  had 
calculated  that  the  drum  was  running  at  nearly  2000  revs,  per  min. 
That  was  a  very  high  velocity  to  deal  with  and  to  keep  the  parts 
cool. 

He  believed  more  improvements  would  be  made  in  thrashing 
machines,  were  it  not  that  of  late  years  they  had  had  to  be  turned 
out  at  as  low  a  price  as  possible.  There  were  one  or  two  points  about 
thrashing  machines  which  he  thought  were  still  open  to  considerable 
improvement,  from  a  scientific  point  of  view.  In  a  great  many 
machines  very  heavy  reciprocating  shoes  were  used  ;  and  in  the  case 
of  Kobey's  machine,  Fig.  36,  Plate  51,  an  attempt  had  been  made  to 
reduce  the  weight  of  one  of  these  shoes  by  putting  in  chain  gear  DD 
instead  of  the  usual  jog  board,  as  described  in  the  paper,  p.  383.  The 
hangers  of  these  shoes  were  really  a  set  of  pendulums  varying  in  length 
from  18  in.  to  3  ft.,  and  in  some  cases  4  ft.  Further,  to  suit  the 
exigencies  of  construction,  one  end  of  a  shoe  was  often  hung  by  a 
pair  of  pendulums  3  ft.  long,  while  at  the  other  end  their  length  was 
something  like  20  in.  only.  No  attempt  he  believed  had  ever  been 
made  to  make  the  time  in  which  the  shoe  was  swung  coincide  with 
that  due  to  the  pendulum  length.  The  rate  of  oscillation  was  not 
synchronous  with  that  due  to  the  length  of  the  hangers,  acting  as 
pendulums ;  and  power  was  thus  wasted.  Some  twelve  or  thirteen 
years  ago  an  ore-separating  machine  had  been  brought  out,  in  which 
the  pendulum  principle  was  carried  out  in  a  way  that  he  imagined 
might  be  applied  in  thrashing  machines.  In  the  ore-separating  machine, 
Plate  52,  Fig.  43,  a  screen  or  reciprocating  shoe  A,  some  12  or  13  ft. 
long  and  20  or  30  in.  wide,  had  a  slight  inclination  longitudinally  to  the 
horizontal,  and  had  a  reciprocating  motion  imparted  to  it  lengthways. 
There  was  a  good  deal  of  ironwork  about  the  screen,  so  that  it 
weighed  probably  1^  cwt.  It  could  be  driven  at  180  oscillations  per 
minute  by  a  belt  1  in.  wide,  made  of  glove  leather.  A  handle  at  the 
side  was  turned  to  make  the  screen  oscillate ;  but  a  sensible  resistance 
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was  found,  until  it  was  turned  at  exactly  the  speed  of  oscillation  which 

synchronised  with  the  pendulum  length.     The  screen  had  a  range  of 

motion  of  say  3  in.     Now  to  get  the  speed  required  in  the  oscillating 

shoe  of  a  thrashing  machine  the  proper  pendulum  length  would  be 

only  2^  to  3  in.,  so  that  evidently  slings  could  not  be  used  there ;  and 

it  was  exactly  the  same  with  the  ore-separator.     The  difficulty  was 

got  over  in  that  case  as  follows : — from  a  crank  B  a  connecting-rod 

was  attached  to  some  point  C  in  the  screen,  to  give  the  reciprocating 

motion  ;  and  there  were  four  wheels  D  D  at  the  sides  of  the  screen 

to   carry  it.      Now  suppose  these  wheels  ran  on  a  plane  surface, 

backwards  and  forwards,  with  a  range  of  3  in.,  then  there  would 

be  no   pendulum   action  whatever.     In  order    to   get   a    pendulum 

action,  each  of  these  wheels  was  made  to  run  on  a  curve  E  ;   and 

as  the  wheels   rose   at   each   end   of  the   curve,  the  centre  of  the 

wheel  passed  through  the  same  path  which  it  would  have  described 

if  attached    to   a   pendulum   of    2    or   3   in.   length.      That  exact 

arrangement  could  not  very  well  be  carried  out  in  thrashing  machines, 

because  of  the  accumulation  of  dust  and  chaff;  but  the  thing  could 

be  easily  done  by  making  the  wheels  a  fixture  on  the  frame  of  the 

machine  and  fitting  the  curved  paths  on  the  sides  of  the  oscillating 

shoe,  thus  hanging  the  shoe  upon  the  wheels  by  means  of  the  curves. 

He  need  not  go  into  details  of  how  this  could  be  carried  out ;  there 

would  be  no  special  difficulty  about  it. 

The  only  other  point  to  which  he  would  allude  was  that  of 
shaking.  There  was  another  question  to  be  considered  besides 
the  length  of  crank  throw  mentioned  on  p.  387 :  namely  the 
remarkable  effect  that  could  be  produced  in  shaking  corn  by  a  blow. 
Some  years  ago  he  succeeded  in  producing  perfect  shaking  with  a 
shaker  only  6  ft.  long  (little  more  than  half  the  length  of  the  shakers 
which  were  used  at  that  time),  by  striking  the  corn  from  below  by 
narrow  laths  rising  up  through  fixed  girds.  He  did  not  know 
whether  that  principle  had  since  been  carried  out  in  practice,  but 
he  believed  it  was  thus  possible  to  make  thrashing  machines  shorter 
than  they  were  now  made ;  and  this  would  be  of  considerable 
importance. 
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Mr.  Beaumont,  in  reply,  said  lie  believed  Mr.  Head  was  quite 
correct  in  stating  that  the  number  of  screenings  was  less  in  the  days 
when  thrashing  was  done  by  hand  ;  but  since  agricultural  engineers 
had  shown  farmers  that  they  could  separate  the  grain  into  several 
different  qualities,  the  number  of  separations  and  screenings  had 
increased,  in  response  to  the  farmers'  demand,  until  now  there  were 
two  or  three  for  wheat,  and  sometimes  more  than  that  for  barley. 
"With  reference  to  Mr.  Head's  question  as  to  the  fan-blast  elevator, 
several  firms  had  tried,  to  use  a  cast-iron  case  containing  a  fan,  to 
elevate  the  corn  to  the  top  of  the  machine  ;  but  he  believed  none  of 
them  had  succeeded  in  producing  one  which  did  not  break  the  corn 
more  or  less,  especially  the  hard  wheat  of  Hungary,  South  Kussia, 
and  Italy.  A  good  many  machines  so  fitted  had  been  sent  abroad  to 
these  countries  nearly  twenty  years  ago  ;  and,  although  the  elevator 
answered  in  other  respects,  it  was  often  found  absolutely  necessary 
to  take  off  the  sides  of  the  fan  casing  and  cover  them  with  leather,  so 
as  to  prevent  their  breaking  the  grain.  That  he  believed  was  the 
chief  reason  that  their  use  was  discontinued. 

Another  question  raised  by  Mr.  Head  was  as  to  the  use  of  iron  or 
steel  in  the  machines.  He  thought  it  was  quite  possible  that  iron  or 
steel  might  be  used  in  more  parts  of  the  machines  than  at  present ;  but 
at  the  same  time  there  were  many  places  where  wood  of  considerable 
thickness  was  used,  and  where  neither  iron  nor  steel  could  be  employed. 
Take  for  instance  the  riddles,  of  one  of  which  a  section  was  shown 
in  Fig.  13,  Plate  42 ;  it  would  be  seen  that,  if  the  riddle  were  made 
of  thin  iron  or  steel,  the  pieces  of  straw  there  shown,  instead  of 
being  thrown  back  by  the  sides  of  the  holes,  and  afterwards  finding 
their  way  right  over  the  caving  riddle,  would  slip  through  the  riddles 
at  once,  and  in  that  way  get  down  to  the  other  smaller  sieves,  which 
were  meant  to  deal  only  with  the  grain,  seeds,  and  so  on.  Again,  so 
long  as  the  shakers  had  the  form  now  used,  iron  or  steel  could  not  be 
economically  employed ;  because  not  only  was  it  necessary  to  have 
the  surface  at  the  top  of  each  section  such  as  shown  at  CC  in  Figs.  4 
and  10,  Plates  39  and  42,  but  the  sides  also  must  be  of  such  depth 
that  the  straw  could  not  slip  through  between  the  sections.  With 
such  dimensions  for  the  sides  and  seed-carrying  parts,  as  well  as  for 
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the  top  parts,  the  shakers,  if  in  iron,  would  be  perhaps  double  the 
weight  of  what  they  would  be  in  wood.  He  thought  however  that  in 
some  machines  it  would  be  possible  to  use  thin  buckled  plates  for  the 
sides  of  the  machine,  instead  of  boarding.  The  question  of  cost,  to 
which  Mr.  Pendred  had  referred,  would  be  one  element  which  would 
determine  the  application  of  iron  or  steel  instead  of  wood.  For  many 
parts  of  the  machine  he  did  not  see  that  either  metal  would  be 
cheaper  or  so  cheap.  Then  again  it  should  be  remembered  that 
thrashing  machines  went  to  all  parts  of  the  world,  and  were  often 
used  many  miles  away  from  a  blacksmith's  shop ;  and  that  wherever 
they  went  they  were  liable  to  accidents.  If  the  chief  parts  of  the 
machine  were  made  of  iron  or  steel,  it  would  often  be  difficult  to 
do  the  repairs  that  might  be  necessary  ;  but  when  they  were  made  of 
wood,  almost  any  country  wheelwright,  or  any  attendant  on  the 
machine,  could  with  a  few  bits  of  wood  manage  to  repair  it,  so  that 
it  would  go  on. 

Mr.  Eich  had  referred  to  the  tabulated  results  of  the  trials  made 
at  Cardiff  by  the  Eoyal  Agricultural  Society.  That  information  was 
very  full  as  to  the  working  of  the  machines;  but  it  had  been 
necessary  to  omit  from  the  paper  all  reference  to  points  concerned  in 
the  working  of  the  machines,  because  they  would  have  made  it  two 
or  three  times  its  present  length.  Mr.  Rich  had  referred  to  the 
length  of  the  drum,  as  being  generally  4  ft.  6  in.  It  had  been  found 
that  a  4  ft.  6  in.  drum  suited  general  requirements  better  than  any 
other  size;  but  shorter  lengths,  both  for  steam  and  horse-power, 
were  made  by  all  makers,  principally  for  farmers  who  preferred 
having  their  own  machines,  rather  than  hiring.  Larger  machines 
had  also  been  made,  especially  he  believed  for  Eussian  proprietors ; 
but  he  thought  that  nothing  over  5  ft.  drum-length  was  used  even 
there.  Mr.  Eich  had  also  referred  to  an  iron-frame  machine 
exhibited  at  Cardiff.  That  form  of  frame,  he  believed,  had  been 
used  almost  ever  since  by  Messrs.  Eobey  and  Co.,  and  was  shown  in 
Fig.  36,  Plate  51.  The  hangers  referred  to  by  Mr.  Eich  were 
usually  made  of  very  tough  thin  strips  of  ash.  Although  the  idea 
was  not  much  used  by  English  mechanical  engineers,  applications  of 
it  were  frequently  made  by  American  machinists. 
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As  to  feeding  the  straw  diagonally,  lie  believed  when  the  straw 
was  wanted  for  thatching  it  was  almost  always  thrown  in  parallel 
with  the  drum  :  otherwise  the  feeding  should  take  place  as  far  as 
possible  along  the  whole  length  of  the  drum.  The  feeder  took  up 
a  quantity  of  straw,  and  put  some  of  it  in  at  one  end,  and  some  at 
the  other,  and  some  towards  the  centre ;  otherwise  the  drum  wore 
most  in  one  part.  As  a  rule  the  drums  did  wear  more  in  the  centre 
than  at  the  end,  because  feeders  did  not  take  sufficient  care  in 
spreading  the  corn  throughout  the  length. 

Mr.  Pendred  had  referred  to  the  speed  of  the  drums  and  the  pull 
of  the  belt.  He  would  only  remark  that  the  fact  of  the  drum- 
spindles  running  cool  was  still  further  surprising  when  it  was 
remembered  that  there  were  all  the  other  parts  of  the  machine — the 
shakers,  the  heavy  riddles,  and  the  reciprocating  parts — all  driven 
from  the  same  spindle ;  and  that  there  was  also  the  continual  presence 
of  dust. 

With  regard  to  the  length  of  the  hangers  as  pendulums,  he 
believed  one  or  two  makers  had  tried  to  use  shorter  hangers,  but 
not  so  short  as  would  be  dictated  by  reference  to  the  proper  length 
of  a  pendulum  for  the  number  of  oscillations  per  minute  that 
were  necessary  for  those  parts.  They  oscillated  about  200  times  per 
minute,  and  it  would  be  seen  from  this  fact  alone  that  the  pendulum 
would  necessarily  be  very  short  indeed. 

The  Pbesident  asked  if  Mr.  Beaumont  could  give  any  information 
as  to  the  advantage  of  weighing  the  corn  into  sacks  direct  from  the 
thrashing  machine. 

Mr.  Beaumont  said  that  was  very  seldom  done  at  the  thrashing 
machine.  After  the  corn  had  gone  to  the  barn,  it  was  weighed  by 
means  of  a  weighing  machine,  sometimes  placed  in  connection  with  a 
second  dressing  machine.  The  automatic  weighing  in  such  cases 
was  usually  effected  simply  by  means  of  a  little  lever,  connected 
with  a  vertical  slide  which  opened  or  closed  a  spout  on  the  top  of 
an  elevator  attached  to  the  machine ;  the  slide  was  kept  from  falling 
and  closing  the  spout  by  means  of  a  little  catch  attached  by  a  cord  to 

2  K 
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the  weighing-machine  scale.  This  scale,  as  it  dropped,  removed  the 
catch,  pulled  the  lever,  and  permitted  the  slide  to  fall  and  close  the 
spout. 

The  President  thought  the  members  would  agree  with  him  that 
they  ought  to  pass  a  cordial  vote  of  thanks  to  Mr.  Beaumont  for  his 
valuable  paper.  It  was  very  liberal  on  the  part  of  the  manufacturers 
to  supply  so  much  information  as  they  had  given— information 
which  was  extremely  valuable,  and  interesting  to  them  as  engineers 
and  mechanics ;  and  some  of  the  points  brought  forward  would 
probably  set  them  thinking.  The  elastic  wooden  connections  were  no 
doubt  very  useful,  because  the  fewer  joints  there  were,  in  all  the  dust 
and  dirt  of  such  operations,  the  better  ;  and  no  doubt  the  same  device 
might  be  used  with  advantage  in  some  other  classes  of  machinery. 
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PROCEEDINGS. 


August  1881. 


The  Summer  Meeting  of  the  Institution  was  held  at  Newcastle- 
on-Tyne,  commencing  on  Tuesday,  2nd  August,  at  10  a.m.; 
Edward  A.  Cowper,  Esq.,  President,  in  the  chair. 

The  Members  were  received  by  the  Mayor  of  Newcastle, 
Jonathan  Angus,  Esq.,  in  the  Lecture  Eoom  of  the  Literary  and 
Philosophical  Society. 

The  Mayor  said  : — Mr.  President  and  Gentlemen — It  affords  me 
very  great  satisfaction  to  meet  you  here  on  the  present  occasion,  and 
to  give  you  in  my  own  name,  and  in  the  name  of  the  people  of 
Newcastle,  a  very  hearty  welcome  amongst  us.  There  is  no  town  in 
the  kingdom  that  should  hail  your  visit  with  more  pleasure  than  the 
town  of  Newcastle.  It  has  for  many  years  taken  a  prominent  part 
in  the  science  of  engineering.  It  has  produced  men  of  whose  names 
I  think  we  may  justly  be  proud — men  who  have  advanced  mechanical 
engineering  in  its  various  branches.  I  need  scarcely  mention  the 
names  of  Stephenson,  of  Hawthorn,  and  of  Sir  William  Armstrong. 
These  have  all  done  their  part  in  helping  forward 'the  world's 
progress.  Theirs  are  household  names  among  us ;  and  they  have 
established  industries,  on  the  progress  and  prosperity  of  which  this 
town  and  district  are  largely  dependent.  Therefore,  not  only  in 
the  name  of  science,  but  as  hoping  to  advance  the  progress  and 
prosperity  of  this  district,  it  is  fitting  that  we  should  give  you  a  very 
cordial  welcome  in  our  midst.  The  meetings  about  to  be  held  here 
this  week  are  looked  forward  to  with  very  great  interest  by  thousands 
of  our  artisans ;  and  it  is  my  hope  that  many  of  them  will  gather 
from  these  meetings  knowledge  which  will  help  them  forward  in  the 
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l)at;lc  of  life,  and  perhaps  enable  them  to  take  a  foremost  position 
in  their  profession.  Such  things  have  occurred  before;  and  I 
believe  that  the  working  classes  possess  the  stamina  which  will 
enable  them  to  take  advantage  of  such  meetings  as  the  present. 
Whilst  we  anticipate  from  your  meetings  here  great  benefit  and 
profit  to  ourselves,  we  trust  also  that  they  will  be  the  means  of 
jdeasure  and  profit  to  you.  There  are  many  objects  of  interest  in 
the  district ;  and  so  far  as  time  will  permit,  opportunities  will  be 
given,  which  will,  I  trust,  make  your  visit  not  only  pleasurable  but  in 
a  high  degree  successful.  I  cannot  do  more  than  repeat  what  I  have 
said  before,  that  we  give  you  a  very  hearty  welcome,  and  trust  you 
will  have  all  the  pleasure  that  you  anticipate  from  your  visit  amongst 


The  President  replied : — Mr.  Mayor,  I  beg  to  thank  you  very 
heartily  for  the  hospitable  manner  in  which  you  have  received  us; 
and  to  assure  you  that  we  had  great  pleasure  in  accepting  the  kind 
invitation  we  received  to  visit  Newcastle,  to  come  amongst  your 
celebrated  men,  and  to  examine  your  various  works  and  manufactories. 
I  trust  that  the  benefit  of  these  meetings  will  be  felt,  and  that  the 
papers  and  discussions  thereon  will  be  read,  not  only  by  our  own 
members,  but,  as  you  say,  by  mechanics  at  large,  who  always  take 
great  interest  in  our  proceedings. 


The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President. 

The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  Committee  of  the  Council, 
and  the  following  candidates  had  been  found  to  be  duly  elected : — 

MEMBERS. 

William  John  Adams,         .  .  .     London. 

Percy  Bcsein  Allen,     .  .  .  London. 

George  William  Brown,    .  .  .     Beading. 
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Brodie  Cochrane, 
Arthur  Coote, 
TnOMAS  Cosser,      . 
Patrick  Walter  D' Alton, 
Benjamin  Davies, 
Joseph  Emerson  Dowson,  . 
Frederick  William  Jackson, 
Herbert  Edward  Jones,    . 
Bamsey  Kendal,   . 
William  Langdon,     . 
Alexander  Lavalley,     . 
John  List, 
Leon  Molinos, 
Frederick  Newman,  . 
John  Philipson,     . 
Henry  Conrad  Sanders,     . 
James  Scott, 
William  Shapton, 
William  Shaw,  Jun., 
Eobert  Henry  Smith, 
Wasteneys  Smith, 
Henry  Hay  Wake,    . 

ElCHARD   LANDOR    WaRHAM, 

Edward  Malcolm  Wood,    . 


Durham. 

Newcastle-on-Tyne. 

Kurrachee,  India. 

London. 

Chorley. 

London. 

London. 

Manchester. 

Gateshead. 

Huelva,  Spain. 

Paris. 

London. 

Paris, 

London. 

Newcastle-on-Tyne. 

London. 

Port  Elizabeth. 

London. 

Wolsingham. 

London. 

Newcastle-on-Tyne. 

Sunderland. 

Derby. 

London. 


ASSOCIATE. 


John  Grayson  Lowood, 


Sheffield. 


graduates. 
Gordon  McDakin  Clench, 

MORASTON    ORMEROD    NoRRIS,      . 

Ernest  Scott,  .... 
Frank  Walkinshaw, 


Lincoln. 
Glasgow. 

Newcastle-on-Tyne. 
Winchfield. 
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The  President  then  delivered  Lis  annual  Address. 

A  vote  of  thanks  to  the  President  for  his  Address  was  moved  by 
Mr.  Abernethy,  President  of  the  Institution  of  Civil  Engineers,  and 
seconded  by  Sir  Frederick  Brain  well,  F.R.S.,  and  was  passed  by 
acclamation. 


The  following  paper  was  then  read : — 

On  the  Tyne,  as  connected  with  the  History  of  Engineering  ;  by  Mr.  I.  Lowthian 
Bell,  F.R.S. 

The  President  proposed  a  vote  of  thanks  to  Mr.  Bell  for  his  very 
interesting  paper,  which  was  carried  unanimously. 


The  following  paper  was  then  read  and  discussed : — 

On  the  Progress  and  Development  of  the  Marine  Engine  ;  by  Mr.  F.  C.  Marshall, 
of  Newcastle. 

At  1  p.m.  the  discussion  was  adjourned  till  the  following  day. 


The  Adjourned  Meeting  of  the  Institution  was  held  in  the 
Lecture  Room  of  the  Literary  and  Philosophical  Society,  Newcastle- 
on-Tyne,  on  Wednesday,  3rd  August  1881,  at  Ten  o'clock,  a.m.  ; 
Edward  A.  Cowper,  Esq.,  President,  in  the  chair. 

The  discussion  upon  Mr.  F.  C.  Marshall's  paper  on  The  Marine 
Engine  was  resumed,  and  concluded. 

The  President  proposed  a  vote  of  thanks  to  Mr.  Marshall  for  bis 
very  excellent  and  practical  paper ;  which  was  carried  by  acclamation. 

The  following  paper  was  then  read  and  discussed  : — 

On  Printing  Machinery  ;  by  Mr.  John  Jameson,  of  Newcastle. 

On  the  motion  of  the  President,  a  vote  of  thanks  was  unanimously 
passed  to  Mr.  Jameson. 
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The  President  said  lie  had  now  a  pleasant  duty  to  perform. 
The  Council  had  that  morning  been  considering  the  question  as 
to  who  should  next  fill  the  chair,  which  he,  by  the  kindness  of  the 
members,  had  occupied  for  nearly  two  years.  It  was  always  an 
anxious  matter  with  them  to  select  a  gentleman,  who  would  fill  the 
office  of  President  with  the  greatest  benefit  to  the  Institution.  Their 
old  friend  Mr.  Menelaus  had  been  requested  to  take  the  position ; 
but  for  various  reasons  he  had  declined  the  honour.  The  matter 
had  been  further  considered  by  the  Council,  and  they  intended 
to  nominate  in  October,  when  the  nomination  had  to  be  made, 
Mr.  Percy  G.  B.  Westmacott  of  Newcastle — a  gentleman  than  whom 
no  one  could  fill  the  office  with  greater  ability.  He  had  been 
attentive  at  the  Council  meetings,  and  was  a  very  useful  and  active 
member  of  Council.  He  thought  they  could  not  select  a  gentleman 
more  fitted  to  fill  the  chair  with  benefit  to  the  Institution,  and  with 
advantage  to  the  community. 


The  Meeting  was  then  adjourned  to  the  following  day. 


The  Adjourned  Meeting  of  the  Institution  was  held  in  the 
Lecture  Eoom  of  the  Literary  and  Philosophical  Society,  Newcastle- 
on-Tyne,  on  Thursday,  4th  August  1881,  at  Ten  o'clock,  a.m.  ; 
Edward  A.  Cowper,  Esq.,  President,  in  the  chair. 

The  following  papers  were  read  and  discussed : — 

On  some  recent  improvements  in  Lead  Processes ;  by  Mr.  Norman  C.  Cookson,  of 

Newcastle. 
On  a  Feed- Water  Heater  and  Filter  for  Stationary  and  Locomotive  Boilers  ;  by 

Mr.  George  S.  Strong,  of  Philadelphia. 
On  Iron  and  Steel  as  Constructive  Materials  for  Ships ;  by  Mr.  John  Price,  of 

Jarrow. 
On  Slipways  ;  by  Mr.  Wdliam  Boyd,  of  Wallsend. 

Votes  of  thanks  were  severally  passed  to  the  authors,  on  the 
motion  of  the  President. 
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The  President  proposed  the  following  Votes  of  Thanks,  which 
were  carried  hy  acclamation  : — 

To  the  Literary  and  Philosophical  Society,  and  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers,  for  their 
kindness  in  granting  the  use  of  their  rooms  for  the  purpose 
of  the  present  meeting,  and  for  the  facilities  afforded  by 
them. 

To  the  General  Committee,  the  Engineers  and  Shipbuilders  of 
Sunderland,  and  those  Firms  who  have  so  liberally  offered 
hospitality  to  the  members  during  the  meeting. 

To  those  Firms  in  Newcastle,  Sunderland,  and  the  district,  who  have 
thrown  open  their  Works  to  the  members  during  the  meeting. 

To  the  Directors  of  the  North  Eastern  Eailwray,  and  of  the  Tyne 
General  Ferry  Company,  for  their  kindness  in  granting 
special  free  trains  and  steamers  for  the  Excursions. 

To  the  Committee  of  the  Union  Club,  for  the  facilities  offered  to  the 
members  of  the  Institution  to  become  honorary  members  of 
the  Club  for  the  week. 

To  the  Executive  Committee,  and  their  Chairman,  Mr.  Percy  G.  B. 
Westmacott,  Vice-President,  and  to  the  Honorary  Local 
Secretaries,  Mr.  William  Boyd  and  Mr.  J.  Cartmell  Eidley, 
for  their  valuable  services  in  maturing  all  the  arrangements 
for  ensuring-  the  success  of  the  Meeting. 


The  Meeting  then  terminated. 
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PEES  [DENT'S   ADDEESS. 

Gentlemen, 

I  feel  that  we,  as  members  of  the  Institution  of  Mechanical 
Engineers,  on  revisiting  our  brother  members  and  friends  here  in 
Newcastle,  after  an  interval  of  twelve  years,  come  as  it  were  to  one  of 
our  natural  homes  ;  certainly  to  the  home  of  one  of  the  greatest  engineers 
that  England  has  ever  produced,  and  the  birthplace  of  the  locomotive, 
which  has  done  more  than  any  other  improvement  of  our  age  to  lessen 
the  cost  of  materials  to  the  men  who  have  to  use  them,  and  therefore 
to  cheapen  and  extend  production  in  the  most  wonderful  manner. 

It  seems  but  a  few  years  ago  that  George  Stephenson,  at  a 
meeting  in  1847,  proposed  the  resolution  that  the  Institution  of 
Mechanical  Engineers  be  formed.  He  was  strongly  supported  by  a 
large  number  of  the  mechanical  engineers  of  the  country,  and  I  had 
the  honour  of  seconding  the  resolution  that  he  be  our  first  President. 

The  intention  was,  that  engineers,  from  all  parts  of  the  country, 
should  join  to  form  a  compact  body,  capable  of  discussing  and 
judging  of  all  mechanical  subjects  and  appliances.  In  this  the 
Institution  has  been  eminently  successful,  and  it  numbers  among  its 
members  mechanical  engineers  in  every  large  town  in  the  country, 
and  is  ever  increasing  in  strength  and  importance. 

I  have  said  that  it  seems  but  a  short  lifetime,  from  the  birth  of 
the  Institution,  and  the  presidentship  of  "old  George,"  to  the  present 
time ;  but  the  interval  of  time  since  our  last  visit  to  our  good  friends 
here  seemed  but  such  a  very  few  years,  that  one  was  really  tempted  to 
consider  if  we  were  not  trespassing  a  little  too  soon  on  their  kindness  ; 
but  I  think  (and  I  speak  to  our  numerous  members  visiting  Newcastle) 
they  will  find,  that  the  very  kind  and  pressing  invitation  we 
received  last  year  to  come  here  on  this  occasion  was  really  one  of 
such  a  hearty  and  hospitable  character,  as  to  preclude  any  idea  of  our 
hesitating  to  accept  it  in  the  same  hearty  manner  in  which  it  was 
presented.     The    number    of    members   who    have    signified    their 
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intention  of  coming  here  is  much  larger  than  usual  on  such  occasions, 
being  over  300. 

The  last  twelve  years  have  been  marked  by  many  very  important 
changes,  whilst  low  prices  have  generally  ruled.  Amongst  other 
causes  of  fluctuations  in  demand  and  supply  (and  consequently  in 
values),  must  be  mentioned  the  occurrence  and  the  threatening  of 
foreign  wars,  which  disturbed  the  course  of  commerce  greatly  for 
some  years.  Such  causes  must  be  considered  as  extraneous  to  the 
sphere  of  influence  possessed  by  good  or  bad  manufacturing  or 
engineering. 

In  certain  cases,  no  doubt,  the  demand  for  improved  war  material 
and  implements  called  forth  that  talent  and  energy  for  which 
Englishmen  ought  always  to  be  celebrated ;  and  greatly  improved 
arms  were  produced,  and  nowhere  in  greater  perfection  than  in  this 
very  neighbourhood. 

Now  I  am  not  one  of  those  who  look  upon  the  very  great  expense 
of  improved  war  material  and  implements  as  an  unmixed  evil  for 
this  country ;  for  it  so  happens  that  we  can  better  meet  such  outlay 
than  any  other  nation,  and  thus  our  wealth  gives  rise  to  greater  power 
and  security  than  our  neighbours  possess ;  while,  seeing  that  we  are 
not  an  aggressive  nation,  such  power  tends  materially  at  once  to  the 
progress  of  this  country,  and  to  the  peace  of  the  world. 

Having  referred  briefly  to  one  cause  of  disturbance  to  the  progress 
of  mechanical  engineering,  allow  me  to  name  another,  which  at  the 
present  moment  is  occupying  thoughtful  men  to  a  considerable  extent. 
I  refer,  of  course,  to  the  arbitrary  imposition  of  duties  and  bounties 
for  the  professed  object  of  protecting  manufactures,  whilst  in  fact 
they  constitute  taxes  on  a  nation  for  the  benefit  of  a  few  individuals. 

In  some  countries  excessive  duties  have  been  imposed,  as  against 
our  manufactures,  and  it  is  even  proposed  to  increase  them ;  whilst 
in  other  cases,  bounties  are  actually  paid  out  of  the  public  purse  to 
men  engaged  in  a  particular  manufacture,  on  their  exporting  to  this 
country  certain  of  their  wares,  as  for  instance  beet-root  sugar. 

One  extremely  significant  lesson,  resulting  from  high  duties, 
(which  it  may  be  hoped  will  not  be  thrown  away  upon  the  American 
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public)  is,  that  whereas  our  cousins  on  the  other  side  of  the  water 
used  to  build  almost  all  the  American  "  liners,"  of  wood,  they  now 
find  that,  with  their  excessive  duties  against  the  importation  of  iron 
and  steel  from  England,  they  cannot  compete  with  English  iron  and 
steel  shipbuilders  and  marine  engineers.  This  is  one  of  those 
damaging  effects  naturally  produced  by  excessive  protective  duties ; 
which,  whilst  they  enable  American  ironmasters  quickly  to  realise 
enormous  fortunes,  drive  the  American  merchants  to  purchase  English 
ships,  or  entrust  their  merchandise  in  English  bottoms,  as  it  is 
impossible  to  maintain  protective  duties  at  sea.  I  cannot  here  avoid 
remarking  that  American  ironmasters  are  extremely  quick  in  adopting 
any  improvement  that  will  increase  their  "  make,"  and  reduce  their 
fuel  account :  if  proof  were  wanting,  the  fact  of  an  American  blast 
furnace  producing  1,200  tons  of  iron  a  week  from  a  20  ft.  bosh 
might  be  cited. 

Whatever  fluctuations  have  occurred,  it  is  now  pretty  clear  that 
several  foreign  nations  have  settled  down  to  cultivate  and  extend  their 
manufactures  ;  and  we  are  brought  face  to  face  with  the  fact  (which  has 
now  been  for  some  years  growing  to  its  present  importance)  that 
many  articles  which  in  years  gone  by  we  thought  it  to  be  our 
especial  province  to  supply,  are  now  produced  in  the  very  countries 
requiring  them.  I  need  hardly  name  locomotives,  steel  rails, 
stationary  engines,  rolled  girders,  bar  iron,  pig  iron,  and  castings 
generally. 

Even  Spain  is  awakening  to  the  advantage  of  producing  haematite 
iron  from  her  own  excellent  ores,  with  English  and  Welsh  coke 
carried  out  in  the  same  ships  that  bring  Spanish  ores  to  this  country. 

Now  with  regard  to  the  possibility  of  any  foreign  nation  eclipsing 
us  in  our  manufactures — I  mean  in  some  of  those  manufactures  which 
seem  most  naturally  to  belong  to  us,  and  for  which  we  have  special 
facilities — I  would  say  at  once  that  any  such  successful  rivalry  on 
their  part  is  far  worse  than  the  effect  of  any  duties,  even  if  they  be 
prohibitive ;  for  it  means  rivalry  in  the  markets  of  the  world,  and 
possibly  in  our  own  markets  here  at  home. 

Of  course,  if  low  prices  are  likely  to  rule,  as  they  have  done  now 
for  some   years    in  most   departments   of  mechanical   engineering 
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(though  I  am  one  of  those  who  look  forward  to  some  improvement), 
it  hehoves  us  to  put  our  house  in  order,  and  see  in  what  way  we  may 
be  enabled  to  manufacture  better  and  with  greater  economy ;  and  it  is 
a  fact  we  all  admit  (if  our  practice  does  not  always  accord  with  it), 
that  if  wo  manufacture  better,  we  are  sure  to  manufacture  cheaper. 

When  I  speak  of"  manufacturing,"  in  contradistinction  to  "  making 
by  hand,"  or  entirely  by  rule  of  thumb,  I  mean  the  producing  a 
material,  or  article,  or  finished  machine,  of  better  quality,  more 
uniform,  of  better  finish,  made  more  accurately  to  gauge,  more 
economical  in  action,  and,  by  the  aid  of  invention,  simpler  and  more 
effective  generally. 

Now  mechanical  engineering  is  of  such  extreme  importance,  in 
advancing  civilisation,  that  it  is  most  essential  that  its  progress  should 
be  rapid  and  unimpeded.  I  wish,  therefore,  to  note  the  great  influence 
upon  the  material  interests  of  the  world,  exercised  by  the  improvements 
that  have  been  made  in  the  past  twelve  years  even,  as  an  incentive  to 
all  of  us  to  reach  forward  to  further  improvements  and  discoveries  in 
the  future. 

Perhaps  the  very  large  increase  in  steam  shipping,  with  the  change 
from  sailing  ships  and  paddle  steamers  to  screw  steamers,  has  proved 
one  of  the  greatest  improvements  of  recent  times  ;  and  it  is  none  the 
less  real  or  important  from  having  been  gradual,  while  the  result  to 
this  neighbourhood  has  been  most  beneficial.  This  change  has  been 
due  in  great  measure  to  the  introduction  of  very  economical  marine 
engines,  chiefly  of  the  compound  type,  together  with  better  boilers 
carrying  a  higher  pressure.  The  speed  and  regularity  of  ocean 
steamers  has  also  greatly  improved,  and  one  small  scientific 
improvement  has  added  much  to  the  safety  of  traversing  such  seas 
as  the  Atlantic  at  a  high  speed — I  mean  the  careful  and  continual  use 
of  a  good  thermometer,  to  ascertain  constantly  the  temperature  of  the 
sea  water  at  the  surface.  For,  if  an  iceberg  is  floating  within  a  quarter 
of  a  mile  (or  even  half  a  mile  if  the  sea  is  pretty  smooth),  the  surface 
water  will  be  several  degrees  colder  than  the  rest  of  the  sea ;  since 
the  very  cold  fresh  water,  resulting  from  the  melting  iceberg,  floats 
on  the  top  of  the  sea  water  for  some  distance. 

No  doub^  the  use  of  iron,  and  now  of  steel,  has  contributed  most 
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largely  to  the  increase  of  shipbuilding  in  this  country.  Good 
arrangements  of  water  ballast  have  also  proved  very  useful ;  and 
steam  cranes,  and  arrangements  for  loading  and  discharging  cargo, 
have  greatly  promoted  the  use  of  steam  colliers,  enabling  them  to 
make  more  voyages  in  the  year. 

Whilst  speaking  of  the  speed  of  ships,  I  must  not  omit  to  notice 
the  very  high  speeds  first  obtained  by  Mr.  Thornycroft,  on  the  Thames, 
from  torpedo-boats  and  other  small  craft.  To  those  who  enjoy,  for 
the  first  time,  a  run  at  twenty  or  twenty-kwo  miles  an  hour  in  a  small 
boat,  the  sensation  is  really  a  novel  one.  The  voyage  of  Mr.  Perkins' 
little  boat,  the  Anthracite,  safely  across  the  Atlantic  and  back  again, 
is  also  one  of  those  remarkable  performances  that  are  well  worthy 
of  note.  I  trust  we  shall  have  a  good  discussion  on  Mr.  Marshall's 
and  Mr.  Price's  papers  upon  these  subjects. 

Closely  connected  with  marine  engineering,  is  the  great 
iurprovenient  in  the  economy  of  stationary  engines,  which  has 
become  more  fully  developed  during  recent  years,  in  reference  both 
to  water-works  engines  and  to  factory  engines. 

In  aid  of  stationary  engines,  "  surface  evaporator  condensers " 
have  been  found  very  useful,  particularly  where  the  supply  of  water 
is  very  limited  ;  and  at  water-works  it  is  now  very  common  to  pass 
the  whole  water  pumped  through  a  surface  condenser,  thus  giving 
a  good  vacuum  without  the  expenditure  of  any  water,  and  with  the 
result  of  only  raising  the  temperature  of  the  water  a  very  few  degrees, 
on  account  of  its  large  volume. 

Locomotives  have  shared  to  some  extent  in  the  general 
improvement  in  machinery.  The  boilers  are  better  made,  and  are 
safer  at  the  higher  pressures  now  carried  than  they  were  formerly 
with  a  lower  pressure.  Several  new  valve  gears  of  great  promise 
have  been  brought  forward,  both  for  locomotives  and  marine 
engines. 

Amongst  these  Joy's  motion  should  be  again  noticed,  and  I  have 
in  my  hand  a  note  from  Mr.  Webb  (who  I  am  sorry  to  say 
cannot  be  with  us  to-day),  in  which  he  refers  to  his  promise  of  last 
year  to  report  on  the  subject  to  the  members.  He  says,  "  The  engine 
"  has  been  continuously  at  work  ever  since  the  Barrow  meeting,  and  had 
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"  run  30,273  miles  up  to  the  18th  July,  when  wo  had  it  in  for 
"  examination,  and  found  the  motion  practically  as  good  as  the  day  it 
"  went  out  of  the  shop,  more  especially  the  slides,  about  which  so  many 
"  of  tho  people  who  spoke  at  the  meeting  seemed  to  have  doubts.  I  do 
"  not  think  you  could  get  a  visiting  card  between  the  slides  and  the 
"  blocks  ;  in  fact,  the  engine  has  been  sent  out  to  work  again,  having 
"  had  nothing  whatever  done  to  it.  The  first  thing  of  course  that 
"  will  require  doing  will  be  the  tyres :  as  far  as  I  can  see  nothing 
"  else  will  want  doing  for  some  time." 

Automatic  continuous  brakes  are  now  coming  into  use,  adding 
greatly  to  the  safety  of  railway  travelling ;  indeed,  it  has  for  some 
time  been  obvious,  that  with  the  higher  speed  and  greater  number  of 
express  trains,  some  more  powerful  means  of  stopping  quickly  than 
the  old  guard's  brake  van  has  become  absolutely  necessary ;  and  the 
advantage  of  being  able  to  stop  a  quick  train  in  250  yards  is  self- 
evident. 

Improvements  have  been  made  in  the  direction  of  ensuring  greater 
safety  on  Eailways  during  the  last  dozen  years,  as  the  "  Block 
System "  has  become  general,  and  interlocking  of  signals  and 
switches,  and  the  use  of  switch  locks,  &c,  have  become  the  rule 
instead  of  being  the  exception. 

A  very  fine  engineering  work  has  now  been  accomplished  in 
America  in  reference  to  Navigation  :  I  allude  to  the  deepening  of  the 
channel  at  the  mouth  of  the  Mississippi,  through  the  training  of  the 
river  by  jetties  and  banks.  In  consequence,  ships  of  large  size  may 
now  go  up  the  river  (there  being  plenty  of  deep  water  above  the 
mouth),  and  bring  down  grain  cargoes,  without  the  expense  and 
inconvenience  of  transhipment ;  thus  reducing  the  freight  of  corn  to 
this  country.  This  great  improvement  is  the  work  of  Caj)tain  Eads. 
A  somewhat  similar  improvement  was  the  blowing  up  of  about 
50,000  tons  of  rock  from  the  bed  of  the  river,  at  the  narrow  pass  of 
Hell's  Gate,  near  New  York.  It  is  to  be  hoped  that  these  good  examples 
may  spur  our  friends  on  the  Continent  to  improve  their  harbours, 
so  that  large  channel  boats  may  cross  with  comfort  to  the  passengers, 
thus  avoiding  the  excessive  expense  that  a  tunnel  would  involve. 

Great   improvements   have   been   made   in   the   illumination   of 
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Lighthouses  by  oil  lamps ;  a  light  equal  to  13,000  candles  has  heen 
produced  by  Mr.  Douglass,  of  the  Trinity  House,  and  now  two  such 
lights  will  be  placed  one  above  the  other,  where  required. 

The  Electric  Light  has  made  such  numerous  and  rapid  strides  that 
it  is  impossible  even  to  notice  its  various  applications  ;  but  on  the 
one  hand  the  lighting  by  Dr.  Siemens  of  four  miles  of  dock  fx-ontage 
at  the  Albert  dock  of  the  London  and  St.  Katherine  Dock  Company, 
together  with  the  railway  behind  the  warehouses,  and  the  warehouses 
and  ships  themselves,  and  on  the  other  hand  the  elegant  and  steady 
domestic  light  of  Mr.  Swan,  are  excellent  examples  of  the  two 
extremes  in  this  department.  I  believe  we  shall  have  the  pleasure 
of  closely  observing  the  Swan  light  during  our  visit  here.  The 
lighthouse  electric  light  is  also  a  noble  application  of  the  great 
power  of  a  single  electric  light  on  the  arc  principle.  The  most 
powerful  electric  light  in  the  world  is  situated  near  here  on  the 
coast,  between  the  Tyne  and  the  Wear.  It  is  possible,  and  even 
probable,  that  one  of  the  great  uses  to  which  Electric  Force  will  be 
applied  eventually,  will  be  the  simple  conveyance  of  power  by 
means  of  large  wires ;  and  as  a  higher  percentage  of  efficiency  is 
gradually  being  realised,  this  method  will  become  more  economical. 
I  may  mention  that  60  per  cent,  has  already  been  obtained. 

You  may  perhaps  think  that  I  have  delayed  too  long  the  mention 
of  the  extremely  valuable  invention  of  Messrs.  Thomas  and  Gilchrist, 
by  which  a  very  large  field  of  ironstone  is  now,  for  the  first  time, 
made  available  for  the  purposes  of  making  good  steel  by  the  Bessemer 
process.  It  is  an  invention  that  bids  fair  to  make  very  considerable 
alterations  in  the  steel-making  trade,  and  in  the  hands  of  Mr.  E. 
Windsor  Richards  it  has  been  made  a  great  success,  whilst  in 
Germany  there  are  also  several  works  using  the  process  largely. 

Mild  steel  is  now  being  used  to  a  great  extent  for  the  construction 
of  steam  boilers  as  well  as  of  ships,  and  in  steel  castings  for  a  variety 
of  purposes,  such  as  spur  wheels,  frames  of  portable  engines,  manhole 
door-frames,  &c,  &c. 

Amongst  the  uses  to  which  steel  may  be  put  (and,  as  I  think,  with 
advantage)  is  the  manufacture  of  steel  sleepers  in  place  of  wood.  I 
trust  steel  will  soon  be  put  to  such  use  in  this  country,  as  it  would 
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have  the  effect  of  creating  a  demand  equal  to  that  for  rails ;  and  it  is 
a  very  encouraging  fact  that  there  arc  now,  or  rather  there  were 
already,  when  I  was  at  Dusseldorf  in  1880,  70,000  tons  of  iron  or 
steel  railway  sleepers  in  use  in  Germany.  Mr.  Wehb,  of  Crewe,  has 
exhibited  a  very  promising  arrangement  of  sleepers  and  fastenings, 
to  be  made  either  of  iron  or  steel.  I  think  steel  sleepers  should  also 
be  used  for  tramways. 

If  now  some  clever  ironmaster  could  only  accomplish  the  task  of 
making  a  good  "  street  pavement"  of  cast  iron,  the  increased  demand  for 
pig  metal  would  be  enormous  ;  and  I  do  not  think  we  are  very  far  off 
from  seeing  it  done.  It  has  nearly  been  accomplished  already,  by 
several  different  modes  of  construction ;  and  there  are  very  many 
streets  where  the  luxury  of  wood  pavement  (which  wears  very  rapidly) 
cannot  be  afforded,  and  where  macadamising  will  not  stand  the  wear 
and  tear  of  the  heavy  traffic. 

The  use  of  ingot  steel,  or  very  mild  steel,  for  making  tin  plates  is 
now  an  established  thing,  and  manufacturers  are  now  taking  this 
metal  for  making  large  tinned  sheets,  up  to  7  ft.  by  3  ft. 

The  making  of  casks  by  machinery,  cheaper  and  better  than  those 
made  by  hand,  is  now  an  accomplished  fact  by  Mr.  Eansome's 
machines.  The  casks  are  exactly  alike  in  capacity  (which  hand-made 
casks  are  not),  and  are  very  much  liked  by  the  wine-growers.  There 
are  twelve  factories  already  established  abroad,  some  turning  out 
2000  to  3000  casks  a  week.  This  is  a  good  case  of  English  invention 
taking  the  lead  in  a  manufacture. 

It  is  a  satisfaction  to  know  that  at  last  we  have  a  watch 
manufactory  in  England,  as  well  as  three  small-arms  manufactories. 

The  manufacturing  of  ordinary  doors  and  windows  by  machinery, 
I  am  sorry  to  say,  has  been  pretty  much  absorbed  by  Sweden  and 
Norway,  where  of  course  they  have  certain  facilities  in  the  raw 
material,  and  in  water-power. 

Amongst  good  mechanical  appliances  that  have  been  proved 
to  be  highly  valuable  to  the  civil  engineer  may  be  mentioned  the 
excavating  machine,  which  answers  well  for  certain  soils  and 
situations,  though  not  for  all;  and  the  dredger  of  Messrs.  Bruce 
and  Batho,  for  excavating  from  the  inside  of   piers    in   water.     A 
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good  example  of  this  machine  we  shall  have  the  liberty  of  inspecting 
at  Messrs.  Hawks  Crawshay  and  Co.'s  works,  any  day  during  our 
visit  here ;  this  machine  lifts  10  tons  of  stuff  at  a  single  lift. 

In  manufacturing  chemistry,  which,  with  its  numerous  mechanical 
appliances,  is  much  indebted  to  mechanical  science  and  engineering, 
great  advances  have  been  made  during  the  last  dozen  or  twenty 
years. 

Aluminium  has  been  brought  into  practical  use  to  a  large  extent, 
being  at  once  a  very  light  metal  and  a  very  cleanly  one. 
"  Anthracine,"  obtained  from  coal  tar,  has  been  manufactured  largely 
for  the  purpose  of  producing  the  various  brilliant  dyes  now  so 
common.  New  materials  for  making  candles  have  been  manufactured, 
in  some  cases  by  purely  mechanical  means,  such  as  boiling  together 
for  some  hours,  at  a  pressure  of  several  hundred  pounds  per  square 
inch,  neutral  grease  and  water,  when  the  water  takes  up  the  base, 
viz.  glycerine,  and  leaves  the  grease  as  an  acid  grease.  This  same 
effect  has  been  noticed  in  some  steam  boilers,  where  the  same  water, 
without  admixture  of  fresh,  has  been  used  over  and  over  again 
with  surface  condensers. 

Carbolic  acid  has  proved  itself  most  valuable  in  many  ways  as 
a  disinfectant,  and  particularly  for  washing  wounds  in  the  field  of 
battle  and  in  hospitals ;  many  operations  would  be  considered  most 
dangerous  without  it.  That  other  aid  to  surgeons,  chloroform,  is 
now  better  understood,  and  largely  used  in  painful  operations. 

On  the  other  hand  the  means  of  destruction  have  been  greatly 
strengthened  of  late  years  ;  and  gun-cotton,  dynamite,  lithofracteur, 
and  nitro-glycerine,  have  been  made  to  do  wonders  in  blasting  rocks 
and  destroying  an  enemy's  works.  These  grand  effects  have  quite 
eclipsed  that  humble  little  instrument  the  "  fog  signal,"  which  I 
introduced  many  years  ago  for  saving  life. 

Then  again  large  rotating  chemical  furnaces  have  been  introduced  ; 
and  improved  glass  furnaces, — particularly  "  Tank  glass  furnaces," 
in  which  the  batch  is  put  in  at  one  end,  and  the  working  holes  are 
towards  the  other  end — have  cheapened  the  actual  production  of 
glass,  and  are  being  worked  largely  on  the  Continent,  and  to  some 
extent   in   this  neighbourhood.      Toughened    glass  has  made  some 
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progress  for  certain  purposes.  Besides  the  improved  and  extended 
use  of  glass  in  lighthouse  illumination,  it  has  again  been  pressed 
into  our  service  for  other  purposes,  through  our  greatly  extended 
knowledge  of  the  laws  of  optics.  Spectrum  analysis  has  become  of 
practical  use,  and  photographs  of  the  various  Frauenhofer  lines  in 
the  spectrum  have  been  taken,  as  permanent  records  of  each 
experiment.  That  such  extended  knowledge  should  have  been 
developed  by  that  one  little  instrument,  the  lens,  is  but  natural ; 
for  the  lens  is  at  once  the  means  by  which  we  discover  the  extreme 
magnitude  of  some  portion  of  the  infinite  works  of  the  Almighty,  in 
the  architecture  of  the  heavens,  and  by  which  we  appreciate  to 
some  extent  the  extremely  minute  markings  of  a  diatom,  that  cannot 
be  seen  with  the  naked  eye.  At  the  same  time  we  feel  sure  that 
there  are  other  markings  still  smaller,  as  every  increase  in  the  power 
of  the  microscope  has  always  rendered  visible  some  markings  still 
smaller  than  the  last ;  and  in  like  manner  has  every  increase  in  the 
power  of  the  telescope  developed  more  worlds  and  suns  far  away 
from  our  system,  and  beyond  our  "  milky  way." 

An  approach  to  the  infinite  in  minuteness,  and  to  the  infinite  in 
magnitude  and  distance,  is  thus  furnished  to  us  by  one  instrument 
alone. 

There  is  but  one  further  observation  that  I  will  venture  to  make, 
(though  I  fear  I  must  already  have  wearied  you  somewhat  with 
what  I  had  intended  should  be  a  very  short  address),  and  it  is  this. 
When  one  looks  back  upon  the  goodly  list  of  clever  men  and 
benefactors  of  the  human  race,  who  have  lived,  say  during  the  last 
hundred  years,  one  is  sometimes  tempted  to  wish  that  more  of  those 
scientific  men,  who  have  had  the  most  brilliant  ideas,  and  been  our 
greatest  discoverers,  should  have  striven  to  carry  out  their  discoveries 
into  practice.  For  instance,  take  Faraday's  beautiful  discoveries  in 
electricity  (I  well  remember  as  a  lad  seeing  the  first  spark  from  a 
magnet)  :  it  was,  in  a  manner,  left  to  Sir  Francis  Ronalds,  Professor 
Daniell,  Professor  Wheatstone,  Mr.  Fothergill  Cooke,  Dr.  Siemens, 
and  others,  to  develop  from  those  discoveries  the  "  intelligence 
wires  "  and  "  bands,"  that  now  encircle  the  earth,  and  unite  nations, 
and  do  so  much  to  prevent  misunderstandings. 
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It  is  fortunate  that  other  men,  some  of  them  scientific,  but  others 
more  purely  practical,  have  been  actively  alive  in  following  up  their 
ideas  in  a  useful  form  :  as  for  instance  James  Watt  and  Dr.  Black  in 
reference  to  the  expansion  of  steam,  and  the  theory  and  measurement 
of  latent  beat ;  Dr.  Cartwright  and  Samuel  Hall  in  reference  to  surface 
condensation ;  Woolf  and  Edwards  in  reference  to  economical  steam 
engines  ;  Trevithick,  who  made  the  first  English  locomotive,  and 
carried  out  high  pressure  admirably  for  the  time  in  which  he  lived  ; 
Telford,  Smeaton,  Brindley,  Murdoch,  the  Duke  of  Bridgewater, 
Henry  Maudslay,  Babbage,  Richard  Roberts,  Armstrong,  Bessemer, 
and  a  host  of  others,  never  forgetting  him  whose  centenary  you 
have  so  lately  commemorated,  George  Stephenson,  without  whose 
inventions  men  and  materials  could  not  have  been  brought  together, 
so  as  to  render  it  possible  for  "  manufacturing  "  to  be  carried  on  in 
the  most  economical  manner,  and  on  the  largest  scale. 

It  is  gratifying  to  know  tbat  the  engineering  profession  has  not 
been  forgotten  when  honours  have  been  conferred  on  distinguished 
men ;  and  amongst  others  may  be  named  Sir  William  Fairbairn,  Sir 
John  Bennie,  Sir  Peter  Fairbairn,  Sir  Charles  Fox,  Sir  William 
Armstrong,  Sir  Joseph  Whitworth,  Sir  Henry  Bessemer,  Sir  John 
Hawkshaw,  Sir  John  Coode,  Sir  William  Thomson,  Sir  Joseph 
Bazalgette,  Sir  Charles  Hartley,  Sir  Charles  Bright,  Sir  James 
Bamsden,  Sir  John  Anderson,  Sir  George  Elliot,  Sir  Daniel  Gooch, 
Sir  Henry  Tyler,  Sir  Samuel  Canning,  Sir  Edward  Reed,  and  Sir 
Frederick  Bramwell. 

With  many  noble  examples  before  us,  some  of  whom  I  have 
named,  and  with  signs  of  an  improvement  in  many  branches  of 
commerce,  I  do  trust  that  the  latter  part  of  the  present  century  will, 
with  somewhat  greater  exertion  of  thought  and  enterprise  on  our 
parts,  be  marked,  not  only  by  numerous  small  improvements,  but  by 
many  substantial  inventions  for  the  good  of  mankind. 
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Mr.  James  Abernethy  bad  no  doubt  tbat  tbc  members  would  join 
witb  bim  in  returning  tbeir  best  tbanks  to  tbe  President  for  bis  very 
lucid  and  practical  address ;  wbicb  contained  not  only  an  able  resume 
of  tbe  advancement  made  in  mecbanical  science  up  to  tbe  present  day, 
but  also  valuable  suggestions  for  its  future  progress.  He  would 
move  a  vote  of  tbanks  to  tbe  President ;  and  trusted  tbat  tbe  address 
would  be  printed,  and  added  to  tbe  Transactions  of  tbe  Institution. 

Sir  Frederick  J.  Bramwell  begged  to  second  tbe  motion  tbat  bad 
been  made  by  tbe  President  of  tbe  Institution  of  Civil  Engineers. 
It  bad  struck  bim  in  listening  to  tbe  address,  tbat  tbe  President  bad 
contrived,  in  tbe  course  of  a  few  sbort  minutes,  to  give  one  of  tbe 
most  admirable  summaries  of  tbe  progress  of  engineering  and  scientific 
invention  applied  to  tbe  purposes  of  life,  wbicb  it  was  possible  for  any 
one  to  give  witb  tbe  same  brevity  and  conciseness.  He  bad  said  to 
bimself,  "  I  wonder  wbat  can  be  said  as  to  tbe  progress  tbat  bas  been 
made  in  tbe  sbort  time  wbicb  bas  elapsed  since  we  were  last  in 
Newcastle ; "  and  be  bad  been  astonisbed,  as  eacb  paragrapb  was 
read,  to  find  bow  mucb  could  be  said,  and  truly  said,  as  to  tbat 
progress,  especially  in  mecbanical  engineering.  He  was  sure  tbey 
would  all  concur  in  carrying  tbe  vote  of  tbanks  tbat  bad  been 
proposed  by  tbe  President  of  tbe  Institution  of  Civil  Engineers. 
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ON  THE  TYNE 
AS  CONNECTED  WITH  THE  HISTORY  OF  ENGINEERING. 


By  Mr.  I.  LOWTHIAN  BELL,  F.R.S. 


Froude,  the  historian,  leads  ns  to  infer  that  in  his  opinion 
mechanical  engineers  attach  more  than  due  weight  to  the  assistance 
afforded  by  their  labours  to  social  progress.  Justin  Macarthy, 
commenting  on,  without  assenting  to,  this  proposition,  observes  it 
has  been  maintained  that  the  improvements  effected  by  modern 
engineering  are  not  entitled  to  take  rank  among  the  genuine 
triumphs  of  the  human  race ;  chiefly  on  the  ground  that  there  is 
nothing  in  them  which  might  not  have  been  expected  from  the  self- 
interested  contrivings  of  an  inferior  animal  nature. 

It  would  not  indeed  appear  that  the  last-named  author  applies 
the  language  of  exaggeration  to  the  expressions  of  the  historian ;  for 
in  "  Short  Studies  on  Great  Subjects "  Froude  thus  speaks  of  the 
achievements  of  modern  engineers : — "  The  steamship  and  the 
railway,  the  electric  telegraph,  and  the  infinite  multitude  of  kindred 
machineries,  may  easily  enough  be  evolutions  of  qualities  of 
which  we  perceive  the  germs  in  many  creatures  besides  the 
apes.  If  these  indeed  are  our  last  and  sublimest  triumphs ; 
if  it  is  in  the  direction  of  these  that  the  progress  of  the  race 
is  to  continue;  then  indeed  I  can  be  content  to  look  back  with 
tenderness  on  my  hairy  ancestry.  Instead  of  '  a  little  lower  than 
the  angels,'  I  can  bear  to  look  on  myself  as  a  little  higher  than  the 
apes,  and  Pickwick  shall  be  as  beautiful  as  the  '  Tempest,' 
Herbert  Spencer  more  profound  than  Aristotle,  and  the  electric 
cable  of  greater  value  than  the  prophecies  of  Isaiah  or  the  Republic 
of  Plato." 

It  is  possible  that  there  has  been,  on  some  occasions,  a  tendency 
to  glorify  beyond  their  legitimate  dimensions  the  mechanical 
improvements  of  modern  civilisation.     If  this  be  so,  it  has  probably 
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been  the  work  of  those  who,  unmindful  of  what  has  been  realised  by 
the  philosophy  of  contemplation,  have  given  undue  prominence  to  the 
philosophy  which  expresses  itself  in  mechanical  action. 

On  the  other  hand  it  is  equally  possible  that  the  offspring  of 
mechanical  science  has  been  exposed  to  "  angry  questioning  and  some 
fierce  disparagement"  by  writers  not  sufficiently  conversant  with 
that  philosophy,  the  close  study  of  which  preceded  many  important 
discoveries  of  modern  engineers. 

There  are,  no  doubt,  many  highly  ingenious  mechanical 
contrivances  which  have  attained  their  present  state  of  high 
development  by  such  slow  and  imperceptible  degrees,  that  we  can 
scarcely  claim  for  them  the  exercise  of  a  very  much  higher  mental 
organisation  than  that  which  Froude  appears  to  think  has  sufficed 
for  their  discovery. 

It  is  not  however  the  sum  of  "  the  infinite  multitude  of  kindred 
machineries  "  that  the  writer  would  alone  regard,  in  endeavouring  to 
estimate  the  debt  due  by  modern  progress  to  mechanical  science.  It 
is  rather  the  large  proportion  of  this  multitude  that  has  been 
placed  at  our  disposal  during  the  brief  space  of  one  lifetime,  or  at 
most  in  that  of  two,  which  commands  our  admiration — more  perhaps 
than  the  author  of  "  Short  Studies  on  Great  Subjects  "  has  thought  to 
be  merited. 

Many  ages  after  the  period  of  the  ancient  philosophers  referred  to  by 
Froude,  the  distaff  and  spindle,  probably  the  simplest  form  of  spinning 
machinery  ever  known  to  the  human  race,  continued  to  be  the  only 
means  employed  for  the  purpose  for  which  it  was  designed.  He  tells  us 
indeed  himself  of  Carlyle  having  seen  it  at  work  in  the  country  of 
his  birth ;  and  from  its  general  use  in  South  Italy  forty  years  ago, 
one  might  have  fancied  that  the  distaff  furnished  the  looms  with  all 
the  yarn  required  for  clothing  the  Neapolitan  people.  Although  the 
spinning-wheel  of  our  grandmothers  was  a  great  step  in  advance 
of  the  distaff  and  spindle,  it  is  so  immeasurably  behind  the 
inventions  of  Hargreaves,  of  Arkwright,  and  of  Crompton,  as 
scarcely  to  form  a  halting-place  between  the  spinning,  possibly  of 
prehistoric  times,  and  that  of  our  own  day  :  which  latter  is  the  growth 
of  the  last  hundred  years,  and  was  chiefly  elaborated  during  a  much 
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shorter  period  of  time.  Surely  there  must  have  heen  some  influence 
at  work  during  the  last  eighty  or  hundred  years,  which  had 
previously  failed  to  excite  the  brain  of  an  inferior  animal  nature, 
although  prompted  by  "  self-interested  contrivings,"  from  the  days 
of  Isaiah  to  those  of  Shakespeare. 

Electricity  and  magnetism  are  words  adopted  from  that  language 
in  which  Plato  and  Aristotle  taught ;  and  the  existence  of  the  agencies 
they  designate  had  been  recognised  probably  centuries  before  the 
birth  of  these  illustrious  men,  now  more  than  2000  years  ago.  Yet 
how  little  was  known  of  either  of  these  subtle  agencies,  beyond  the 
power  possessed  by  the  one  of  attracting  light  bodies,  and  by  the 
other  of  drawing  iron  towards  itself ;  until  the  profound  studies  of 
physicists,  almost  within  the  last  fifty  years,  embodied  the  properties 
of  both  in  the  electric  telegraph,  regarded  and  spoken  of  by  Froude 
as  being  capable  of  evolution  by  qualities  of  which  we  perceive  the 
germs  in  many  creatures  besides  the  ape. 

Of  what  avail  was  the  invention  of  Hero  of  Alexandria,  made 
120  years  before  the  Christian  era,  until  Black's  discoveries  on  latent 
heat,  made  after  the  middle  of  the  last  century,  gave  us  in  the  hands 
of  James  Watt  the  steam  engine — the  precursor  of  steam  navigation 
and  of  railway  locomotion,  which  are  also  included  by  Froude  in  his 
remarks  on  the  work  performed  by  mechanical  engineers  in  modern 
times. 

Without  having  a  single  word  to  utter  in  disparagement  of  the 
studies  so  highly  extolled  and  so  justly  cherished  by  Froude,  engineers 
are  entitled,  the  writer  would  submit,  to  make  a  claim  for  having 
laboured  in  a  more  elevated  sphere  than  that  assigned  to  them  by  this 
authority.  Some  of  their  improvements,  ending  in  great  results,  may 
no  doubt  resemble  the  spontaneous  and  slow  growth  capable  of  being 
conceived  in  minds  of  moderate  pretensions.  On  the  other  hand,  they 
can  point  to  discoveries  which  have  been  founded  on  an  intelligent 
appreciation  of  the  profound  researches  of  men,  whose  mental  stature 
will  bear  comparison  with  that  of  any  other  class. 

It  is  not  however  on  the  general  progress  of  mechanical  science, 
or  its  dependence  on  the  interpreted  laws  of  nature,  that  the  author 
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ventures,  at  the  request  of  the  Council,  to  address  upon  the  present 
occasion  the  Institution  of  Mechanical  Engineers.  Ho  has  been 
invited,  as  a  native  of  the  town  inwhicli  the  Institution  is  assembled, 
and  as  one  somewhat  conversant  with  the  industrial  history  of  the 
neighbourhood,  to  collect  a  few  facts,  so  that  members  may  judge 
of  the  assistance  the  district  has  rendered  to  that  branch  of  practical 
science  which  it  is  their  more  especial  province  to  cultivate. 

Had  our  ancestors — not  the  very  remote  ones  mentioned  by  Froude, 
but  even  our  grandfathers — recognised  the  value  of  such  combinations 
as  those  of  which  the  Institution  itself,  in  point  of  utility  and  success, 
is  a  very  conspicuous  example,  the  writer's  task  would  not  have  been 
surrounded  with  much  difficulty.  The  Transactions  of  such  a  Society 
would,  in  all  probability,  have  afforded  him  an  easy  access  to  all  the 
information  he  required;  and  his  duty  would  have  been  confined  to 
condensing  the  facts  they  contained  into  the  dimensions  of  a  suitable 
paper.  Such  facilities,  as  all  know,  are  not  at  his  command. 
Descriptions  of  mechanical  and  otber  improvements,  in  our 
manufactures  and  appliances,  are  either  disseminated  in  different 
and  often  very  unlooked  for  places,  or  else  there  is  no  record  whatever 
of  their  original  introduction  and  development. 

If  anything  needs  to  be  said  respecting  the  position  occupied  by 
the  applications  of  mechanism  in  the  neighbourhood  of  Newcastle, 
anterior  to  the  commencement  of  the  present  century,  it  Avill  be  to 
contrast  their  almost  complete  absence  with  what  now  meets  the  eye  at 
every  turn.  At  that  period  Northumberland  and  Durham  were  but 
little  removed  from  the  condition  of  a  purely  agricultural  district ;  and 
in  those  days  the  cultivation  of  the  soil,  here  or  elsewhere,  had  received 
but  little  attention  from  the  mechanical  engineer.  The  land  was 
ploughed  and  harrowed  much  in  the  same  way  as  it  had  been  for 
many  centuries.  It  is  of  course  otherwise  at  present ;  indeed  a  corn 
and  cattle  producing  country  would  run  some  risk  of  soon  reverting 
to  its  pristine  state  of  wilderness,  were  it  not  for  the  assistance  which 
mechanical  science  bas  afforded  it  in  recent  days. 

The  chief  exception,  eighty  years  ago,  to  the  rural  character  of 
the  scenery  on  the  banks  of  the  Tyne  was  the  coal  mining  in  their 
vicinity,  and  the  coal  shipping  which  took  place  on  its  shores.    Indeed 
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within  the  writer's  own  recollection,  in  many  places  where  mounds 
of  slag  and  cinders  now  deface  the  earth,  and  vapours  almost  efface 
the  sky,  there  were  fertile  fields  and  hanging  woods. 

In  the  first  year  of  the  century  the  output  of  coal,  instead  of 
being  35  millions  of  tons  or  thereabouts  as  it  is  at  present,  was 
represented  by  2^  millions.  In  1810,  according  to  Eobert  Hunt,  it 
required  the  labour  of  3568  persons  to  work  each  million  tons ; 
whereas,  in  1863,  22,154,000  tons  were  obtained  by  2135  men  and 
boys  per  million  tons — a  sufficient  indication  of  the  extent  to  which 
machinery  has  aided  the  mining  interests  of  the  district,  and  of  the 
general  improvement  in  colliery  arrangements  and  management. 
The  means  required  for  reaching  the  coal,  for  extracting  it,  and  for 
raising  it  to  the  surface,  together  with  the  large  quantities  of  water 
which  are  often  encountered  in  the  workings,  necessarily  involve  the 
expenditure  of  a  vast  amount  of  mechanical  force. 

If  we  open  the  work  of  the  German  author  Agricola,  De  Be  Metallicd, 
written  in  Latin  in  the  year  1556,  and  then  consult  the  "  Archaeology 
of  the  Coal  Trade,"  published  by  our  late  townsman  Thomas  John 
Taylor  in  1852,  we  shall  perceive  a  further  illustration  of  that  stationary 
condition  of  mechanical  science,  which  has  already  been  referred  to  in 
connection  with  other  branches  of  industry,  and  from  which  we  only 
broke  away  within  the  last  hundred  years  or  thereabouts.  Judging 
by  the  illustrations  in  both  books,  the  mining  engineer  of  the 
beginning  and  middle  of  the  last  century  might  have  handed  over  to 
his  draughtsman  the  work  of  Agricola,  as  a  guide  for  the  drawings  of 
the  machinery  employed  in  the  comparatively  shallow  pits  of  that  day. 

So  early  as  1713  the  steam  engines,  or  more  properly  the  atmospheric 
engines,  of  Newcomen  were  erected  on  the  northern  coalfield,  at  Byker, 
at  Washington,  and  at  Norwood,  for  drawing  water ;  in  place  of  horses 
or  of  water  power,  which  hitherto  had  been  in  common  use  for  this 
purpose.  At  that  time  the  opening  and  shutting  of  the  steam  valves 
was  performed  by  manual  labour,  until  Henry  Beighton,  a  Newcastle 
engineer  it  has  been  said,  by  making  the  engine  work  all  the  valves 
itself,  rendered  it  for  the  first  time  a  self-acting  machine. 

It  was  near  the  close  of  the  last  century  before  the  device  of 
the  crank,  or  of  the  sun-and-planet  wheels,  was  applied  for  the  purpose 
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of  converting  the  reciprocating  movement  of  the  steam-engine  beam 
into  a  rotating  motion.  The  first  engine  of  this  class  was  erected  near 
Newcastle  by  Boulton  and  Watt,  about  the  year  1784,  at  Walker 
Colliery,  and  continued  in  action  at  the  works  of  the  Walker  Alkali 
Company  until  a  year  or  two  ago,  when  it  was  dismantled.  Anterior 
to  that  period,  the  water  raised  by  the  atmospheric  engine  was  often 
made  to  fall  ujion  a  wheel,  which  in  its  turn  drove  the  rope  rolls  for 
raising  the  coal. 

It  is  needless  to  say  that,  notwithstanding  the  excellence  of  our 
present  pumping  machinery,  mining  engineers  are  only  too  glad  to 
dispense  with  its  use  whenever  this  can  be  effected.  It  frequently 
happens  that  the  chief  influx  of  water  is  met  with,  not  in  the  coal 
itself,  but  in  the  strata  lying  above  it.  In  such  cases  the  pit  is 
lined  with  cast-iron  segments  or  tubbing,  as  it  is  called,  long  in  use 
in  this  neighbourhood,  and  improved  by  the  late  John  Buddie,  for 
preventing  the  water  from  following  down  the  operations  of  the  sinker. 
All  that  is  then  required  is  to  have  sufficiently  powerful  pumps  at 
work,  until  a  water-tight  bed  of  rock  is  reached,  upon  which  the 
lowest  tier  of  metal  segments  is  placed  ;  and  these  are  continued  up  to 
the  highest  level  to  which  the  water  will  rise.  By  this  means  the 
pit  shaft  is  lined  with  a  metal  cylinder  which  keeps  the  workings 
dry.  It  does  however  happen  occasionally  that  the  water  rushes 
into  the  sinking  pit  in  such  volumes,  that  there  is  no  room  for 
any  pumping  arrangement  of  sufficient  magnitude  to  cope  with  it. 
Under  such  a  condition  of  things  there  was  formerly  no  alternative 
but  to  abandon  the  attempt  to  reach  the  coal,  and  try  elsewhere. 
This,  after  the  outlay  of  tens  of  thousands  of  pounds,  meant  the 
sacrifice  of  nearly  all  the  money  which  had  been  spent ;  but  after 
what  has  been  recently  done  at  the  Whitburn  sinking  it  is  unlikely 
that  such  a  sacrifice  will  occur  again.  By  means  of  M.  Chaudron's 
system,  an  enormous  boring  tool,  the  full  size  of  the  pit,  is  made  to 
pierce  the  water-bearing  strata  by  motion  communicated  from  the 
surface.  When  this  has  been  done,  and  a  sound  impervious  foundation 
reached,  a  water-tight  cylinder  is  let  down,  the  internal  water  is 
pumped  out,  and  the  sinking  operations  are  continued  on  the  ordinary 
method. 
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Although  not  strictly  connected  with  the  subject  of  coal,  the 
fact  may  be  mentioned  of  the  Diamond  Eock  Boring  Company 
having  just  completed  a  perforation  or  narrow  shaft  for  the  writer's 
firm  at  Port  Clarence.  Its  diameter  is  16  in.  at  its  lower  extremity. 
The  depth  is  about  1200  ft.,  and  the  hole  itself  is  intended  to  raise 
in  the  form  of  brine  a  bed  of  salt,  which  has  there  a  thickness  of 
about  80  ft. 

The  proper  test  for  ascertaining  the  excellence  of  a  steam 
engine  is  the  amount  of  duty  performed  for  a  given  weight  of  coal 
consumed.  Measured  by  this  standard,  we  cannot  claim  for  our 
district  a  very  high  position.  For  many  years  the  necessities  of  the 
coal  trade  caused  many  thousands  of  tons  of  good  fuel  to  be  annually 
thrown  over  the  spoil  heap  ;  hence  it  was  evidently  no  gain  to  employ 
a  more  expensive  class  of  machinery,  to  save  fuel  which  had  no 
commercial  value.  It  is  true  that  this  waste  has  long  been  discontinued ; 
and  practically  every  ton  of  coal  now  raised  in  our-  Northern  coalfield 
is  applied  to  some  useful  purpose.  Nevertheless  it  does  not  appear 
that  the  extra  expense  and  complication  involved  in  employing 
condensing  engines,  or  other  means  of  economising  heat,  are  met  by 
the  saving  in  fuel  when  taken  at  its  actual  market  price.  In  a  paper 
read  before  the  Mining  Institute,  Mr.  J.  B.  Simpson  gave  particulars 
of  a  pumping  engine  of  the  Cornish  type  erected  near  this  town. 
The  value  of  the  coal  burnt  did  not  much  exceed  £300  per  annum  ; 
but  the  additional  cost  of  the  machinery,  as  compared  with  that  of 
a  non-condensing  engine  of  the  same  power,  would  be  close  on  £3000. 
Now  admitting  one  half  more  fuel  to  be  required  by  the  latter,  it 
seems  clear  that  the  margin  of  economy  was  insufficient  to  cover  the 
increased  outlay  and  cost  of  maintenance. 

Of  machinery  employed  in  raising  the  produce  of  our  mines  to 
the  surface  we  have  some  striking  examples,  by  means  of  which 
4  tons  of  coal,  along  with  9  J  tons  for  the  weight  of  cage,  rope  &c, 
in  all  131  tons,  are  brought  to  bank  from  a  depth  of  300  fathoms  in 
about  50  seconds. 

Vast  as  was  the  destruction  of  small  coal,  which  fed  our  "  fiery 
heaps  "  in  years  gone  by,  the  actual  loss  is  far  surpassed  by  that 
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going  on  at  the  present  day  at  the  coko  ovens  in  the  North  of 
England.  It  is  estimated  that  the  annual  make  of  coko  in  tbo 
district  is  about  4.V  million  tons,  for  winch  7^  million  tons  of  coal 
will  be  required :  so  tbat  we  may  calculate  on  3  million  tons  of 
inflammable  gases  being  evolved  in  the  process.  Now  supposing 
tbat  as  much  as  one-third  of  the  heat  given  off  by  the  combustion 
of  this  enormous  volume  of  gas  is  devoted  to  "  burning "  the  coke, 
we  have  left  at  our  disposal  tbat  afforded  by  the  remaining  2  million 
tons.  This  gas,  as  many  know  too  well,  escapes  as  lurid  flame  from 
the  top  of  tbe  ovens,  defacing  the  country  for  miles  around  with 
black  smoke  and  sulphureous  exhalations.  Of  late  years  some 
attempts,  entirely  successful  as  far  as  they  go,  have  been  made  to 
apply  a  remedy  to  so  large  and  wasteful  an  expenditure  of  heat — 
so  large  in  point  of  amount  that  there  is  usually  no  difficulty  in 
obtaining  from  it  sufficient  steam  for  performing  the  mechanical 
work  of  the  colliery. 

Tbe  mechanical  agency  employed  in  freeing  our  mines  from  the 
so-called  fire-damp,  which  often  escapes  from  the  coal  in  overpowering 
volumes,  was  until  recent  years  of  tbe  simplest  description.  It 
consisted  in  establishing  a  current  of  air  all  through  the  intricate 
workings,  by  using  one  of  the  pits  as  a  chimney  to  a  large  furnace 
kept  burning  at  the  bottom,  while  fresh  air  descended  through  another 
shaft.  In  many  collieries  the  furnace  has  been  superseded  by  gigantic 
machines  known  as  ventilating  fans,  and  driven  by  steam  power. 
By  one  of  these  machines  upwards  of  200,000  cub.  ft.  of  vitiated 
air  is  occasionally  withdrawn  in  each  minute,  its  place  being  supplied 
by  pure  air  drawn  from  the  surface.  In  this  way  the  inflammable  gas, 
under  the  usual  conditions  of  its  emission,  may  be  diluted  so  as  to 
render  it  incapable  of  explosion.  At  the  face  of  the  coal  however, 
where  the  miner  is  pursuing  his  labours,  and  indeed  often  for  a 
considerable  distance  behind  him,  this  point  of  safety  may  not  have 
been  attained. 

Against  the  peril  of  explosion  therefore  the  workman  depends  on 
the  safety-lamp,  which  not  only  protects  him  from,  but  warns  him  of, 
the  danger  when  it  arises,  thus  deserving  the  motto  attached  to  it 
by  our  Mining  Institute  of  Moneo  et  Murvio.      The  late  Matthias 
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Dunn  describes  this  instrument  as  a  little  machine  ;  and  its  mechanical 
construction,  along  with  some  of  the  circumstances  attending  its 
invention,  leads  the  writer  to  give  it  a  brief  notice  in  this  paper. 
After  some  terrific  explosions  which  occurred  about  1814,  Sir 
Humphrey  Davy  was  invited  to  visit  Newcastle,  to  assist  the  coal- 
owners  with  his  advice  in  respect  to  the  then  system  of 
ventilation.  Unable  to  suggest  any  improvement  in  this  direction,  the 
great  chemist  applied  himself  to  a  close  investigation  into  the  nature 
and  properties  of  the  firedamp  itself,  which  he  communicated  to  the 
world  in  his  admirable  researches  on  flame.  These  labours  revealed 
the  fact  that  a  wire  gauze  is  able  to  prevent  the  passage  of  flame 
through  its  interstices :  so  that,  in  the  event  of  an  inflammable  mixture 
exploding  in  the  inside  of  the  lamp,  communication  of  the  flame  to 
the  outside,  under  ordinary  circumstances,  is  shut  off. 

The  writer  cannot  refrain  from  alluding  to  the  most  disinterested 
and  very  valuable  services,  rendered  by  a  distinguished  north- 
countryman  to  Davy  during  the  course  of  his  enquiries.  As 
incumbent  of  the  parish  of  He  worth,  the  Eev.  John  Hodgson  was 
too  familiar  with  the  appalling  scenes  consequent  upon  the  "  firing  " 
of  a  pit.  He  had  moreover  already  made  himself  acquainted  with 
many  circumstances  connected  with  the  evolution  and  properties  of 
fire-damp,  which  were  duly  communicated  to  Davy  at  the  beginning 
of  his  labours.  The  day  after  the  first  Davy  lamp  was  received, 
Hodgson  descended  one  of  our  dangerous  collieries,  and  with  a 
heroism  which  has  never  been  sufficiently  recognised,  proved  that 
an  explosion  might  take  place  inside  the  lamp  without  inflaming  the 
death-dealing  atmosphere  in  which  the  daring  experiment  was  tried. 

Desirable  as  it  is,  on  many  accounts,  to  supersede  the  manual 
exertion  of  the  miner  by  mechanical  means,  it  cannot  be  said  that 
the  question  has  up  to  this  time,  in  the  matter  of  extent,  passed 
much  beyond  the  limits  of  experiment.  Yery  good  machines, 
by  Walker  and  others,  have  been  contrived  for  the  purpose  of 
working  coal,  as  well  as  the  ironstone  of  Cleveland.  Much  of 
the  attendant  labour  however  requires  human  agency  for  its 
performance :  such  as  the  frequent  change  of  position  of  the  machine 
itself,  and  more  particularly  the   filling  of  the   produce   into   tho 
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wagons.  The  margin  left  for  economy  is  thus  not  a  large  one ;  and 
hence  the  actual  saving  hitherto  effected  has  not  been  of  a  very 
encouraging  nature. 

It  is  not  however  to  the  mere  extraction  of  the  coal  that  the 
agency  of  the  mechanical  engineer  is  confined.  The  produce  of  the 
pits  has  to  be  conveyed  by  land  to  the  place  of  shipment  or  to  the 
point  of  consumption,  at  an  expense  occasionally  equal  to  or  exceeding 
the  cost  of  bringing  it  to  the  surface.  The  transport  of  coals,  as 
performed  until  the  beginning  or  middle  of  the  seventeenth  century, 
viz.,  in  sacks  on  the  backs  of  horses,  or  in  wagons  drawn  along 
the  indifferent  roads  of  that  period,  placed  a  mine,  situated  at  even 
a  very  moderate  distance  from  the  river,  at  a  great  disadvantage. 
Tracks  of  wood  were  then  laid  down,  it  is  scarcely  known  where  in 
the  first  instance,  but,  looking  at  the  antiquity  of  our  coal  workings, 
more  likely  in  this  neighbourhood  than  elsewhere ;  and  this 
constituted  the  germ  of  that  kind  of  locomotion  which  has  wrought 
so  immense  a  change  in  the  social  history  of  our  globe. 

It  is  supposed  that  the  first  idea  of  forming  the  railroad  of 
east  iron  occurred  in  1738  ;  but  the  wagons  in  use  on  the  wooden 
roads  being  too  heavy,  or  the  iron  rails  too  light  to  carry  the  load, 
it  required  thirty  years  before  it  struck  any  one  to  diminish  the 
size  of  the  one,  or  to  increase  the  weight  of  the  other.  Such  a 
rate  of  progress  would  appear  indeed  to  justify  the  belief  that 
the  develoj)ment  of  mechanical  engineering  did  not  exceed  the 
"  contrivings  "  referred  to  in  the  opening  remarks  of  this  paper. 

For  forty  or  fifty  years  the  horse  on  the  level,  and  on  uneven 
ground  the  steam-engine  by  means  of  ropes,  continued  to  labour  on 
the  iron  roads  in  conveying  coal  to  its  point  of  destination ;  when 
a  crude  idea  of  Trevithick's  was  taken  hold  of  by  Mr.  Blackett, 
of  Wylam  near  Newcastle,  who,  with  the  aid  of  his  engineer, 
William  Hedley,  constructed  the  first  locomotive  which  ever  did 
any  work  worthy  of  the  name. 

In  a  small  cottage,  situate  on  the  railway  along  whicb  Mr. 
Blackett's  engine  ran,  but  some  thirty  years  before  its  appearance, 
George  Stephenson  was  born.     To  his  ingenuity,  and  particularly 
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to  his  confidence  in  the  then  improved  powers  of  the  engine,  the 
world  owes  a  good  deal  in  respect  to  the  period  at  which  it  received 
the  gift  of  the  locomotive,  as  we  see  it  at  the  present  day. 

First  at  Killingworth,  for  the  use  of  the  colliery  there,  and  next 
at  the  Walker  Iron  Works  for  sale,  locomotive  engines  were  constructed 
under  his  superintendence.  These  early  engines,  according  to 
information  left  hy  the  late  Nicholas  Wood,  and  given  to  the  writer  by 
his  son,  Mr.  Lindsay  Wood,  cost  £500,  and  weighed,  exclusive  of  the 
water  tank,  6  tons.  The  boiler  was  8  ft.  long  and  4  ft.  2  in.  in 
diameter,  with  a  single  tube.  On  a  level  road,  and  with  a 
consumption  of  16  cwt.  of  coal  per  day,  these  engines,  on  the 
Hetton  colliery  railway,  could  draw  twelve  wagons  of  coal,  weighing, 
all  included,  about  48  tons,  at  the  rate  of  four  miles  an  hour.  Upon 
this  slender  foundation  of  experience,  gained  from  our  collieries 
and  from  the  first  public  railway  in  the  world,  the  Stockton  and 
Darlington,  Stephenson  was  able  by  his  force  of  character  to  build  an 
argument,  which  determined  the  adoption  of  the  locomotive  on  the 
Liverpool  and  Manchester  line.  An  experimental  engine,  the  famous 
Rocket,  was  built  within  a  stone's  throw  of  this  room,  by  means  of 
which  the  then  unheard  and  undreamt-of  speed  of  nearly  thirty 
miles  an  hour  was  attained. 

From  the  diminutive  dimensions  of  this  early  attempt,  the 
locomotive  grew,  under  the  fostering  care  of  the  Stephensons,  father 
and  son,  of  the  Hawthorns  in  this  town,  and  of  other  firms  elsewhere, 
to  a  machine  which  is  a  marvel  of  compactness,  combined  with 
mechanical  strength  and  power.  By  means  of  it  something  like 
1000  tons  of  dead  load  can  now  be  drawn  on  a  level,  at  a  speed 
of  25  to  30  miles  an  hour.  For  this  extraordinary  amount  of  duty 
we  are  indebted  to  the  multitubular  boiler,  suggested  by  Henry 
Booth,  and  first  successfully  applied  by  the  Stephensons  in  the 
Eocket  engine. 

In  less  than  twenty  years  after  the  celebrated  trial  on  the  Liverpool 
and  Manchester  Railway,  the  London  newspapers  were  delivered  by 
the  locomotive  in  Edinburgh  on  the  evening  of  the  day  of  publication. 
It  needs  nothing  more  than  to  recall  the  existence  of  the  many 
many  thousands  of  miles  of  railway  at  work  in  different  quarters  of 
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the  globe,  as  an  evidence  of  the  vast  changes  which  have  sprung  out 
of  the  northern  coalowner's  attempts  to  economise  his  cost  of  transport. 
In  connection  with  the  development  of  the  railway  system,  we 
may  claim  for  Newcastle  the  merit  of  originating  some  minor, 
although  not  unimportant  inventions.  The  late  Benjamin  Thompson 
first  cast  case-hardened  railway  wheels,  afterwards  improved  by 
William  Losh,  the  inventor  subsequently  of  the  same  article  in 
wrought  iron;  and  the  first  malleable  iron  rails,  as  we  now  understand 
the  word,  were  rolled  at  the  Bedlington  Iron  Works  by  John 
Birkinskaw  of  that  place. 

Cheap  as  transport  has  been  rendered  by  the  locomotive  engine, 
conveyance  between  distant  places  is,  and  in  all  likelihood  will 
continue  to  be,  more  economically  performed  by  sea.  The  Tyne,  it 
must  be  admitted,  has  done  a  fair  share  of  the  work  in  cheapening 
the  cost  of  conveying  merchandise  by  water. 

It  was  well  known  for  more  than  half  a  century  that  mechanical 
engineers  could  construct  a  wrought-iron  fabric,  capable  of  resisting 
a  pressure  of  above  100  lbs.  on  the  square  inch.  It  was  also  known 
that  such  an  iron  fabric  possessed  a  buoyancy  in  water  far  exceeding 
that  of  a  wooden  fabric  of  the  same  external  dimensions  :  while  the 
latter  would  have  fallen  to  pieces  under  less  than  one-tenth  of 
the  pressure  that  could  be  borne  by  the  iron.  Nevertheless,  the 
unwillingness  of  shipbuilders  to  adopt  the  new  material,  and  the 
prejudices  of  shipowners,  greatly  retarded  the  arrival  of  that  day 
when  every  ship  on  the  Tyne  and  elsewhere  in  the  United  Kingdom 
would  be  constructed  of  iron  instead  of  wood. 

Opposition  to  the  change  which  has  since  effected  so  much  for 
naval  architecture  was  not  confined  howrever  to  the  builder  and  owner 
of  ships :  the  freighter  himself  joined  in  the  outcry  against  the  new 
material,  it  being  stipulated  that  certain  cargoes,  tea  and  rice 
amongst  the  number,  should  be  carried  in  wood  and  not  in  iron 
bottoms.  This  is  the  more  remarkable,  from  the  circumstance  that 
it  subsequently  happened  that  the  employment  of  iron  and  not 
of  wooden  vessels  was  a  condition  of  charter  for  carrying  the  very 
commodities  in  question. 
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It  is  just  about  forty  years  since  John  Coutts,  following  an  example 
set  elsewhere,  laid  down  the  keel  of  the  first  sea-going  iron  vessel 
built  on  our  river ;  but  he  died  before  seafaring  men  were  convinced 
of  the  sagacity  of  a  change,  which  has  placed  this  country  in  the 
very  front  of  shipbuilding  countries.  It  is  only  rendering  justice  to 
those  who  thought  differently,  to  remember  that  other  circumstances, 
besides  those  alluded  to,  have  greatly  favoured  the  substitution  of 
iron  for  wood  in  the  construction  of  ships.  The  application  of  the 
screw,  which  throws  the  whole  strain  of  propulsion  on  a  very  small 
area  of  the  fabric,  demanded  immense  powers  of  resistance,  much 
more  easily  obtained  by  the  use  of  metal  than  of  wood.  Again, 
the  invention  of  compound  engines,  by  which  nearly  one-half  the 
fuel  formerly  used  was  saved,  pointed  also  in  the  direction  of  iron 
shipbuilding.  Still,  as  our  townsman,  Mr.  C.  M.  Palmer,  M.P., 
remarked  in  a  paper  he  read  in  Newcastle  in  1863,  he  found  it 
difficult  to  convince  nautical  men  that  a  steam  collier  costing  £10,000, 
and  burning  coal  all  the  way  from  the  Tyne  to  the  Thames,  could 
compete  with  a  sailing  vessel  of  the  same  capacity,  costing  one-fifth 
of  that  sum,  and  paying  nothing  for  the  wind  which  drove  it  from 
one  port  to  the  other.  Eesistance  to  Mr.  Palmer's  views  however 
was  no  longer  possible  after  he  had  proved  that  instead  of  about  a 
dozen  voyages  in  the  year  his  screw  collier  performed  nearly  sixty, 
and  that  the  saving  in  labour  far  more  than  compensated  for  the 
greater  first  cost,  and  for  the  value  of  the  fuel  consumed  in  doing  the 
work. 

In  the  communication  referred  to,  Mr.  Palmer  estimated  that  in 
the  year  1862  the  following  tonnage  of  iron  vessels  had  been  built 

on  the  three  northern  rivers  : —  Tons. 

Ou  the  Tyne 32,175 

Wear 15,608 

Tees 9,660 


57,443 
For  these  vessels  28,660  tons  of  iron  had  been  consumed,  and  8,110 
men  employed,  exclusive  of  those  engaged  in  building  the  engines. 

Mr.  Palmer,  by  his  language,  evidently  anticipated  a  considerable 
extension  of  iron  shipbuilding  in  the  district  referred  to ;  but  it  may 
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be  questioned  whether  his  expectations  rose  to  the  figures  realised 
in  last  year's  operations. 

In  1880  there  were  built  on  the  Tyne  130  vessels  of  139,843  tons 

„                    „          W<  ar    65        „  92,176     „ 

„                     „          Tees     25        „  31,756     „ 

at  West  Hartlepool    30        „  44,500    „ 

„  Whitby                     6        „  9,526     „ 


256  317,801 

As  an  example  of  the  increased  economy  in  construction  and 
the  greater  efficiency  of  screw  steamers  at  the  present  time,  when 
compared  with  those  built  a  few  years'  ago,  the  writer  may  quote 
the  following  figures  given  him  by  a  large  shipowner  in  the  North 
of  England.  In  1866  this  gentleman  bought  an  iron  screw  steamer, 
capable  of  carrying  700  tons  of  cargo  with  a  consumption  of  16 
tons  of  coal  per  24  hours,  for  £14,000.  In  1881  he  purchased 
another  vessel,  carrying  3100  tons  of  cargo  with  17  tons  of  coal 
burnt  in  the  24  hours,  for  £28,000.  This  means  that  the  price  in 
the  year  1881  is  only  45  per  cent,  of  what  it  was  fifteen  years  ago 
for  the  same  capacity ;  and  that  the  consumption  of  coal  is  only 
24  per  cent,  of  its  former  rate,  for  a  similar  amount  of  duty 
performed. 

The  large  quantities  of  the  small  coal,  already  spoken  of  as 
having  been  thrown  aside  in  former  times,  induced  the  mine  owners 
to  offer  it  at  a  price  little  more  than  the  cost  of  transport.  This  did 
not  exceed  Is.  6tL  per  ton  delivered  into  craft  on  the  river ;  and  hence 
arose  on  the  banks  of  the  Tyne  different  branches  of  manufacturing 
industry,  in  which  fuel  constitutes  an  important  element  of  cost. 
Among  these,  iron  is  the  most  deserving  of  notice  upon  the 
present  occasion,  not  only  on  account  of  its  extent,  but  from  the 
important  service  a  cheap  supply  of  this  metal  renders  to  the 
mechanical  engineer. 

It  is  true  that  we  cannot  claim  for  the  Tyne  the  same  relative 
standing  now,  as  an  iron-making  locality,  which  she  occupied  some 
thirty  years  ago.  The  change  has  arisen  not  so  much  from  any 
decadence  on  the  part  of  our  river  in  point  of  production,  as  from 
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the  extraordinary  wealth  of  ironstone  found  in  the  Cleveland  hills. 
This  discovery,  of  recent  date,  assisted  by  the  resources  of  the 
Durham  coalfield,  has  raised  Cleveland  into  the  position  of  the 
largest  iron-making  district  in  the  world. 

The  cheapness  of  fuel  and  the  easy  access  to  the  Thames  from 
the  Tyne  were  probably  the  causes  which  induced  Ambrose  Crowley, 
a  citizen  of  London,  to  establish  ironworks  in  1690  at  Winlaton 
near  Newcastle,  where  different  articles,  including  nail  rods  made  by 
the  slitting  mill,  were  manufactured. 

Iron  was  a  very  much  scarcer  metal  for  long  after  the  days  of 
Crowley  than  it  is  in  our  own  times.  So  late  as  1740  the  make  of 
pig  iron  in  the  United  Kingdom  was  only  17,350  tons ;  and  in  those 
days  it  took  a  furnace  a  week  to  run  as  much  as  a  modern 
Middlesbrough  furnace  does  in  two  hours.  So  recently  as  the 
beginning  of  the  present  century,  Swedish  bars  were  imported  into 
the  Tyne  and  converted  into  slit-rods :  so  that  it  is  not  unlikely  that 
Sweden  also  furnished  the  raw  material  for  the  Winlaton  works 
founded  in  1690. 

Before  the  early  part  of  the  last  century,  every  morsel  of  iron 
used  in  the  arts  was  drawn  under  the  hammer.  To  a  certain  John 
Hanbury  is  ascribed  the  invention  at  that  time  of  rolling  iron 
plates  by  means  of  cylinders.  This  idea  remained  without  further 
application  until  1783,  when  Cort  patented  the  rolling  of  bars  by  the 
means  suggested  by  Hanbury.  For  a  long  time  however  the  process 
was  confined  to  making  flat  or  square  bars  :  indeed  the  writer's  friend 
Mr.  Joseph  Laycock,  of  Gosforth,  remembers  in  his  youth  men 
working  many  a  long  day  in  forging  squares  into  rounds,  probably 
thirty  years  after  the  date  of  Cort's  invention. 

The  writer  recollects  the  late  William  Longridge  informing  him 
of  the  elation  of  his  firm  at  Bedlington,  when  they  succeeded  in 
turning  out  a  boiler  plate  weighing  2^  cwt. ;  and  long  after  that  clay 
plates  weighing  above  3  cwt.,  or  more  than  3  ft.  wide,  were  charged  an 
extra  price,  on  account  of  the  difficulty  attending  their  manufacture. 
Now  our  plate-rollers  send  out  their  iron  in  pieces  weighing 
about  11  cwt.,  without  classifying  them  as  extraordinary  sizes. 

Pig  iron  was  first  smelted  on  the   Tyne  at  Lemington  about  the 
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year  1812.  Tlic  late  Mr.  Clayton  Atkinson  gave  the  author  the 
particulars  of  the  cost  of  manufacture,  which  amounted  to  105s.  6d. 
per  ton.  Nearly  1\  tons  of  coke  were  used  in  the  operation,  equal, 
all  included,  to  about  5  tons  of  raw  coal,  with  a  make  of  49  tons 
per  week  from  one  furnace. 

Small  rolling  mills  were  erected  at  Lemington,  and  by  Hawks 
&  Co.  at  Gateshead,  for  working  up  old  scrap  iron ;  and  larger  works 
were  afterwards  built  by  Losh  Wilson  and  Bell,  in  1827,  at  Walker, 
where  the  process  of  puddling  iron  was  first  practised  on  the  banks 
of  the  Tyne. 

Probably  no  manufacture  has,  during  the  last  fifty  years,  made 
greater  advance  in  the  direction  of  economy  than  has  the  iron  trade. 
Previous  to  the  introduction  of  the  hot  blast,  and  partly  owing  to  a  very 
wasteful  mode  of  coking,  as  much  as  10  tons  of  coal  was  occasionally 
consumed  in  Scotland  for  the  production  of  a  ton  of  pig  iron.  Thirty 
years  ago,  when  the  first  blast  furnaces  were  built  at  Middlesbrough, 
this  rate  of  consumption  had  been  reduced  to  about  4  tons.  After  the 
lapse  of  a  dozen  years,  by  a  great  iu crease  in  the  capacity  of  their 
furnaces,  by  the  use  of  more  highly  heated  air  than  that  hitherto 
employed,  and  by  the  application  of  the  furnace  gases  to  the  st  earn 
boilers  and  to  the  hot-blast  stoves,  the  north-country  ironmasters  had 
further  reduced  this  to  somethiug  under  2  tons  of  coal ;  while  the 
make  per  furnace  has  been  increased  from  140  to  500  tons  per  week. 

To  a  Middlesbrough  firm,  Messrs.  Bolckow  Yaughan  and  Co., 
under  the  able  guidance  of  Mr.  E.  Windsor  Richards,  the  great  iron 
industry  of  the  present  generation  is  indebted  for  its  last  act  of 
amelioration.  This  observation  refers  of  course  to  the  successful 
application  of  the  so-called  basic  process,  by  means  of  which 
phosphoriferous  iron,  like  that  of  Cleveland,  is  capable  of  being 
employed  in  the  Bessemer  converter. 

The  rolling  machinery  of  the  firm  just  mentioned  has  kept  pace 
with  the  other  improvements  referred  to  ;  for  out  of  one  rail-mill  driven 
by  two  pairs  of  reversing  engines,  the  invention  of  our  former 
President,  Mr.  John  Ramsbottom,  and  representing  a  power  of 
8000  horses,  above  3600  tons  of  rails,  in  lengths  of  90  ft.,  have  been 
produced  in  one  week. 
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The  manufacture  of  steel  appears  to  have  been  carried  on  in  the 
vicinity  of  Newcastle  for  upwards  of  300  years  ;  first,  it  is  believed, 
by  some  Germaus  who  settled  at  Shotley  Bridge  towards  the  close  of 
the  seventeenth  century.  Notwithstanding  the  cheapness  of  coal  and 
the  convenience  of  Newcastle  as  a  port  for  receiving  Swedish  iron 
and  for  exporting  the  products,  Newcastle  never  attained  any 
eminence  as  a  steel-manufacturing  centra.  Nevertheless  the  house  of 
Spencer  has  distinguished  itself  by  the  quality  of  its  products  in 
crucible  and  other  varieties  of  steel :  to  which  in  recent  years  has 
been  added  a  large  trade  in  steel  made  in  the  regenerative  furnace 
of  Siemens. 

The  elevated  range  of  country  situate  west  of  Newcastle  contains 
extensive  deposits  of  the  Mountain  Limestone,  in  which  are  found 
several  metalliferous  veins  so  rich  in  lead,  as  to  have  given  rise  to  a 
large  business  in  smelting  and  other  works,  connected  with  the 
treatment  of  this  metal.  The  most  important  improvement  in  this 
branch  of  practical  metallurgy,  for  which  this  district  is  entitled  to 
claim  the  credit,  is  the  desilverizing  process  of  the  late  Hugh  Lee 
Pat  tin  son.  In  it  the  discovery  that  a  mass  of  the  melted  metal,  in 
cooling,  permitted  the  mechanical  separation  of  pure  solidified  lead, 
was  made  use  of  in  economising  the  extraction  of  the  silver,  which 
was  found  to  be  left  behind  in  the  portion  remaining  longest  fluid. 

The  requirements  of  the  chemical  manufacturers  on  the  Tyne 
necessitate  the  importation  of  large  quantities  of  iron  pyrites, 
containing  a  small  percentage  of  copper.  The  sulphur  contained  in 
this  mineral,  to  the  extent  of  from  60,000  to  70,000  tons  per  annum, 
is  converted  into  sulphuric  acid  for  the  soda  makers  ;  but  the  iron 
would  be  useless  unless  the  associated  copper  wrere  first  removed. 
The  united  value  of  the  two  metals  is  such  that  a  large  copper- 
smelting  industry  has  sprung  up  on  the  banks  of  the  Tyne,  affording 
thus  a  valuable  instance  of  interdependence  among  different  and  very 
dissimilar  branches  of  manufacture. 

It  would  be  impossible  upon  such  an  occasion  as  the  present  to 
do  more  than  catalogue  the  immense  variety  of  machinery,  which  is 
now,  and  has  been  from  the  earliest  days  of  mechanical  engineering, 
constructed  in    the   neighbourhood  of   the    town    in  which   we   are 

2  n  2 


412  THE   TYNE    AND    ENGINEERING.  AUGUST  1881. 

assembled.  Much  interesting  information  on  this  subject  was 
presented  to  the  British  Association,  at  its  meeting  here  in  1863, 
by  Messrs.  Percy  G.  B.  Westmacott  and  J.  F.  Spencer. 

According  to  a  statistical  Table  prepared  by  these  gentlemen,  the 
earliest  constructors  of  machinery  in  this  neighbourhood  were  Hawks 
and  Co.,  who  commenced  in  1747  a  business,  still  carried  on,  at 
Gateshead.  The  annual  value  of  the  machinery  turned  out,  by  the 
engineering  firms  on  the  Tyne  and  its  vicinity,  was  estimated  by 
Messrs.  Westmacott  and  Spencer  to  amount  to  nearly  two  millions 
sterling  in  the  year  1862.  The  date  of  the  founding  of  the  house 
just  mentioned  proves  at  how  early  a  period  mechanical  science  on  a 
practical  scale  found  a  footing  here ;  and  this  is  further  confirmed 
by  what  has  been  done  in  connection  with  marine-engine  building. 
The  Comet  was  built  by  Henry  Bell  on  the  Clyde  in  1812,  and 
was  the  first  really  successful  attempt  in  this  kingdom  to  apply 
steam  to  pui'poses  of  navigation.  Within  two  years  of  this  date  the 
Perseverance  was  launched  on  the  Tyne,  designed  for  the  towing  of 
vessels.  This  was  the  first  time  a  steamer  was  applied  to  such  a 
purpose,  and  it  was  done  at  a  time  when  there  were  only  17  steamboats 
in  existence. 

No  description  of  the  progress  of  engineering  on  the  Tyne 
would  be  satisfactory  to  any  audience,  much  less  to  one  assembled 
in  Newcastle,  that  did  not  refer  to  what  has  been  effected  in 
connection  with  its  development  by  our  townsman,  Sir  William 
G.  Armstrong. 

The  fact  that  the  great  power  commanded  by  a  lofty  column 
of  water  had  been  long  known  without  being  extensively  applied, 
only  adds  to  the  merit  of  the  inventor  of  the  system  of  hydraulic 
machinery  now  associated  with  the  name  of  Armstrong.  As  all 
present  are  aware,  it  is  not  the  mere  idea  of  applying  the  power 
of  gravitation  through  the  means  of  falling  water,  but  the  extreme 
ingenuity  and  completeness  of  the  mechanism  whereby  this  idea  is 
carried  out  into  practice,  which  commands  our  interest. 

Admitting  the  economy  of  availing  ourselves  of  a  power  created, 
as  it  were,  by  the  unaided  forces  of  nature,   many  questioned  the 
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profitable  application  of  hydraulic  agency,  when  it  had  to  be  obtained 
by  the  previous  action  of  a  steam  engine.  Two  important 
considerations  were  lost  sight  of  by  the  mechanical  sceptics  of  the 
day — the  faculty  possessed  by  Sir  William  Armstrong's  principle 
of  storing  the  continuous  energy  of  a  small  engine,  so  as  to  perform 
a  vast  amount  of  duty  at  intermittent  periods ;  and  the  ease  with 
which  such  duty  is  distributed  at  different  points,  over  a  long  distance 
from  the  spot  where  the  power  is  generated. 

It  is  impossible  to  refer  to  more  striking  examples  of  these 
valuable  attributes  of  the  hydraulic  system  than  those  afforded  by 
the  swing  bridge  over  the  Tyne,  where  a  massive  structure  of  iron 
281  feet  long,  and  weighing  close  on  1500  tons,  is  opened  and  shut 
in  almost  a  few  seconds  by  a  steam  engine  of  insignificant  dimen- 
sions ;  and  by  the  application  of  the  same  system,  as  suggested  by 
Mr.  T.  E.  Harrison,  for  the  distribution  of  power  over  the  large 
goods  warehouses  of  the  North  Eastern  Railway  in  this  town. 

More  than  twenty  years  ago  the  late  Emperor  Napoleon  III. 
sought  to  render  vessels  of  war  invulnerable  by  covering  them  with 
plates  of  forged  iron,  afterwards  advantageously  replaced,  at  the 
suggestion  of  Mr.  C.  M.  Palmer,  by  the  rolled  metal.  These,  as 
is  well  known,  have  been  increased  from  4  in.  to  sometimes  24:  in.  in 
thickness ;  and  mills  have  been  constructed  at  Sheffield  able  to  roll 
plates  of  30  tons  weight,  instead  of  those  of  2^  cwt.  which  astonished 
the  Longridges  in  the  earlier  part  of  the  present  century. 

The  writer  is  not  aware  whether  it  was  the  desire  to  send  a  shot 
through  the  sides  of  the  Gloire,  the  ship  built  by  the  French,  or  to 
reach  an  enemy  some  hour  or  so  before  we  came  within  range  of 
his  batteries,  that  induced  Sir  William  Armstrong  to  turn  his 
thoughts  from  the  peaceful  and  all  but  silent  action  of  his  hydraulic 
engines,  to  the  warlike  and  noisy  monsters  with  which  he  has  also 
coujded  his  name. 

When  artillery  has  to  be  carried  into  action,  or  even  when  used 
from  a  stationary  fort,  it  is  clearly  of  importance  to  have  the  greatest 
resisting  power  combined  with  the  smallest  weight  of  material  to  be 
moved.  The  tensile  strain  capable  of  being  endured  by  wrought 
iron  is  about  34^  times  that  of  cast  iron ;  but  the  difficulty  of  applying 
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the  former  to  ordnance  arose  from  the  impracticability  of  obtaining 
a  perfectly  sound  mass,  and  also  of  bringing  tbe  outside  parts  of 
a  forging  into  that  state  of  tension  which  is  necessary  to  the 
attainment  of  the  full  strength  of  the  material,  when  used  in  the 
condition  of  a  hollow  cylinder  to  withstand  internal  bursting 
pressure.  From  these  difficulties  Sir  William  Armstrong  escaped  by 
his  well  known  system  of  coil  welding  :  using  which  he  began  by 
making  small  guns  with  rifled  bores  to  be  carried  on  the  backs  of 
horses,  and  ended  in  1863  by  constructing  a  gun  weighing  22  tons, 
with  which  he  drove  a  shot  weighing  300  lbs.  through  5i  inches  of 
solid  iron,  then  through  a  mass  of  wood,  and  finally  through  a  second 
plate  of  iron  2  in.  thick.  At  this  stage  it  might  have  been  supposed 
he  had  reached  a  point  where  the  size  and  weight  of  the  instrument 
rendered  further  enlargement  impossible,  owing  to  the  difficulty 
of  handling  so  heavy  a  mass.  Since  then  however  guns  weighing 
100  tons  have  been  made  at  Elswick,  capable,  it  is  estimated,  of 
throwing  a  shot  of  nearly  a  ton  weight  to  a  distance  of  8.V  miles. 
The  range  is  adjusted  by  machinery  of  mathematical  correctness, 
approaching  that  of  an  astronomical  telescope,  and  yet  of  so  substantial 
a  character  as  to  be  able  to  withstand  the  strain  of  driving  the  shot, 
impelled  by  the  explosion  of  a  quarter  of  a  ton  of  gunpowder, 
through  27^  inches  of  solid  iron.  The  energy  of  the  shot,  as  actually 
measured,  was  found  equal  to  41,333  foot-tons;  but  this  result,  it 
would  appear,  does  not  correspond  with  the  energetic  impulses 
of  Sir  William,  who  informs  the  writer  that  he  has  a  new  gun  in  hand 
which  is  destined  to  receive  a  charge  of  700  lbs.  of  gunpowder. 

A  subject  which  occupies  at  present  a  large  amount  of  public 
attention  is  the  conversion  of  motion  into  light  and  heat  by  means  of 
electricity,  and  even  the  reconversion  of  electricity  so  obtained  into 
motion.  The  writer  intends  to  speak,  and  this  very  shortly,  of  the 
first  mentioned  of  these  purposes  only.  The  objections  to  the  electric 
light  as  hitherto  used  have  been  its  great  intensity,  and  a  certain 
amount  of  unsteadiness  arising  from  causes  which  need  not  here  be 
specified.  From  both  of  these  Mr.  J.  W.  Swan  of  Newcastle  has  relieved 
it,  by  means  of  his  carbon  filament,  enclosed  in  a  small  glass  globe 
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from  which  the  air  has  been  exhausted  by  a  Sprengel  pump.  The 
preparation  of  this  carbon  thread,  simple  as  it  is  in  appearance,  has 
been  the  result  of  long  and  patient  research  on  the  part  of  the 
inventor,  and  has  proved  eminently  successful.  By  passing  a  more 
or  less  powerful  charge  of  electricity  through  it,  a  perfectly  steady 
light  of  any  degree  of  brightness  or  brilliancy  is  obtained,  and  so 
completely  under  control  that  we  may  look  before  long  for  a  great 
extension  of  electric  illumination. 

The  chemical  trade  on  the  Tyne,  not  only  from  its  extent,  but 
more  particularly  on  account  of  the  large  amount  of  machinery  now 
employed  in  its  prosecution,  deserves  a  brief  mention  on  the  present 
occasion.  The  section  of  industry  here  known  by  this  name  is  the 
manufacture  of  soda  and  its  cognate  branches.  The  quantity  of  salt 
decomposed  for  this  purpose  is  now  about  250,000  tons  per  annum ; 
but  the  business  is  one  which  grew  out  of  small  beginnings. 

William  Losh,  the  same  gentleman  whose  name  has  already 
appeared  in  these  pages,  had  learnt  chemistry  under  Lavoisier  at 
Paris.  He  was  present  in  the  chamber,  as  he  used  to  tell  the  writer, 
when  Louis  XVI.  returned  from  his  memorable  flight  to  Varennes  ; 
and  he  quitted  the  French  capital  when  it  was  no  longer  safe  for  an 
Englishman  to  remain.  He  had  however  learnt  enough  to  induce 
him,  on  his  arrival  at  Newcastle,  to  try  his  hand,  in  company  with 
Lord  Dundonald,  at  making  soda.  Various  methods  were  practised  by 
these  early  alkali  makers ;  but  ultimately  W.  Losh  returned  to  Paris 
at  the  time  when  Napoleon  was  at  Elba,  learnt  the  particulars  of 
Leblanc's  plan,  and  established  works  at  Walker,  which  were 
carried  on  by  himself  and  his  successors  for  more  than  sixty  years. 
As  an  indication  of  the  extraordinary  progress  of  economy  in  a 
process  still  followed  in  our  own  times,  the  author  may  mention  that 
he  has  in  his  possession  an  old  invoice  book  of  the  Walker  Alkali 
Company,  in  which  crystals  of  soda  are  charged  at  the  rate  of  £60 
per  ton,  the  present  price  being  50s.  or  55s. 

Excepting  for  the  purpose  of  grinding  or  moving  the  materials 
employed  in  the  operation,  the  use  of  machinery  was  until  recently 
unknown  in  our  chemical  works.  In  order  to  economise  labour, 
mechanical  contrivances   have   been   introduced  for  furnace   work ; 
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and  tlie  difficulty  of  keeping  their  moving  parts  in  order  Las  been 
surmounted,  even  where  they  are  exposed  to  high  temperatures  and 
to  the  action  of  corrosive  vapours. 

As  the  Tyne  and  the  Wear  were,  according  to  the  venerable  Bede, 
the  first  places  in  this  island  where  glass  was  used  for  architectural 
purposes,  so  it  would  appear  to  be  not  improbable  that  it  was  upon 
the  banks  of  the  former  river,  that  the  manufacture  of  this  article  of 
modern  luxury  and  general  utility  was  first  introduced  into  Great 
Britain.  The  earliest  flasks  for  containing  liquids,  and  the  so-called 
crown  glass  formerly  used  for  glazing,  owed  little  of  their  progress  to 
mechanical  contrivances.  The  only  tools  worthy  of  the  name  were 
the  glass-blower's  pipe,  and  the  rough  shears  for  dividing  the  so-called 
"  metal."  As  many  as  50  million  bottles  have  bsen  made  in  one  year 
in  the  North  of  England,  as  well  as  vast  quantities  of  pressed  flint- 
glass  :  the  former  owing  their  more  regular  form  to  being  blown  within 
accurately  fitted  moulds.  In  like  manner  the  large  sheets  of  plate 
glass,  with  which  we  are  now  so  familiar,  are  first  cast  on  large  tables, 
and  then  polished  by  well  contrived  machinery.  More  recently 
Mr.  James  Hartley  of  Sunderland  suggested  the  use  of  rollers  for 
extending  glass  into  sheets,  which  are  now  extensively  known  in  an 
unpolished  form  under  the  designation  of  Hartley's  rough  plate. 

In  North  Africa  the  writer  has  seen  the  Kabyles  engaged  in 
making  earthenware,  by  means  of  implements  not  much  behind  the 
machinery  exclusively  used  within  the  last  twenty  years  by  the 
"  throwers  "  in  the  potteries  on  Tyne-side.  No  house  in  this  district, 
or  probably  in  any  other,  can  compete  with  Mr.  Maling's  in  the 
extent  to  which  steam  power  has  been  rendered  available  in  this  very 
ancient  art.  This  gentleman  wrrites  that  he  employs  500  to  600 
indicated  horse  power  in  grinding  150  tons  of  flints  and  400  tons  of 
clay  per  week :  which  materials  are  converted,  chiefly  by  mechanical 
means,  into  half  a  million  jars  for  containing  preserved  fruits. 

A  very  large  trade  is  carried  on  near  Newcastle  in  the  manufacture 
of  articles  of  fire-clay,  and  in  making  bricks  and  tiles  from  the 
ordinary  brick-earth  of  the  neighbourhood.  The  limits  of  this  paper 
however   do   not   allow  more  than  to  mention  that  the   machinery 
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employed  for  both  purposes  is  not  inferior,  the  writer  believes,  to 
that  in  use  in  other  parts  of  the  kingdom. 

The  extraordinary  efforts  which  have  been  put  forth  for  the 
improvement  of  the  navigation  of  the  northern  rivers,  but  moro 
particularly  of  the  Tyne,  belong  to  the  civil  rather  than  to  the 
mechanical  branch  of  engineering  science.  Nevertheless  the 
mechanician  has  had  his  ingenuity  taxed  in  providing  the  means  for 
effecting  that  which  has  been  done  in  the  direction  referred  to.  The 
great  swing-bridge  has  been  already  named ;  but  the  great  dredger 
for  deepening  the  stream,  and  the  steam  excavator  for  removing  dry 
land,  also  deserve  notice  for  the  amount  of  work  they  perform, 
under  the  superintendence  of  Mr.  Messent,  the  Eesident  Engineer  of 
the  Tyne  Improvement  Commission. 

These  remarks  on  the  history  of  engineering  as  connected  with 
the  Tyne  must  now  be  concluded.  In  reading  over  these  pages,  the 
writer  has  become  impressed  with  the  superficial  nature  of  the 
descriptions  they  contain ;  but  this  is  perhaps  inseparable  from  the 
character  of  the  duty  assigned  to  him  by  the  Council,  who,  if  that 
be  true,  must  divide  with  himself  the  responsibility  of  the  meeting 
having  been  detained  by  less  important  matters,  and  by  less  severe 
studies,  than  those  to  which  the  members  are  accustomed. 
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ON  THE  PROGRESS  AND  DEVELOPMENT  OF 
THE  MARINE  ENGINE. 


By  Mr.  F.  C.  MARSHALL,  of  Newcastle -ox-Tyne. 


At  the  Liverpool  Meeting  in  1872,  Mr.  F.  J.  Bramwell,  F.R.S., 
now  Sir  Frederick  Bramwell,  Past-President,  read  a  paper  before  this 
Institution  on  "  The  Progress  effected  in  Economy  of  Fuel  in  Steam 
Navigation,  considered  in  relation  to  compound-cylinder  engiucs,  and 
high-pressure  steam."  This  paper  was  most  exhaustive  in  its 
character,  and  was  followed  by  a  discussion,  in  which  some  of  our 
most  prominent  engineers  took  part. 

Having  been  asked  to  prepare  a  paper  for  this  meeting  on  the 
marine  engine,  the  writer  naturally  turned  to  what  had  been  laid 
before  the  Institution  on  previous  occasions.  He  found  that 
Sir  Frederick  Bram well's  paper  embraced  all  the  past  history  and 
present  condition  of  marine  engineering,  and  to  some  extent  forecast 
its  future.  On  the  same  occasion  Dr.  Siemens,  F.R.S.,  the  President 
for  the  year,  remarked  that  during  the  nine  years  which  had  elapsed 
since  the  first  meeting  in  that  city  the  marine  engine  had  been  so  far 
improved,  that  it  consumed  rather  less  than  one  half  the  amount  of 
fuel  at  that  former  time  thought  to  be  indispensable ;  and  that,  if 
nine  years  later  his  successor  were  able  to  announce  a  similar  step 
in  advance,  we  should  have  the  satisfaction  of  knowing  that  the 
further  discussion  of  the  subject  that  day  had  not  resulted  in  "  lost 
energy." 

We  have  now  completed  the  term  then  defined  by  Dr.  Siemens ; 
and  the  writer  proposes  to  continue  the  subject  from  the  date  of  that 
meeting,  and  endeavour  to  trace  out  whether  any,  and  if  so  what 
progress  has  been  made ;  further,  to  consider  whether  or  no  we  have 
reached    the    finality    so    strongly    deprecated    by    Sir    Frederick 
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Bramwell  in  the  discussion  referred  to,  and  if  not,  tlien  in  what 
direction  we  are  to  look  for  further  development. 

In  his  paper  Sir  Frederick  Bramwell  gives  Tahles  of  particulars 
of  the  engines  and  boilers  belonging  to  twenty-eight  steamers  of 
different  descriptions,  and  comprising  nearly  all  the  types  of  engine 
and  boiler  now  in  general  use.  These  Tables  embrace  the  sizes  of 
cylinders,  heating  and  grate  surface  of  boilers,  condensing  surface, 
working  pressure,  speed  of  piston,  indicated  power,  and  consumption 
of  fuel. 

The  average  consumption  of  nineteen  of  these  vessels  he  shows  to 
be  2*11  lbs.  of  coal  per  I.H.P.  per  hour.  The  working  pressures 
range  from  45  lbs.  to  65  lbs.  per  square  inch,  the  latter  being  the 
highest  pressure  recorded,  while  37G  feet  per  minute  is  the  average 
piston  speed. 

The  writer  has  been  favoured  with  data,  from  thoroughly 
reliable  sources,  showing  in  a  similar  manner  the  general  proportions 
of  engines  and  boilers  recently  fitted  to  steamers  in  the  mercantile 
marine.  These  are  shown  in  Table  I.  annexed  (p.  452).  It  will  be 
noted  that  the  steam  pressures  aie  now  much  higher,  the  boilers  have 
less  heating  surface,  and  the  cylinders  are  much  smaller  for  the  I.H.P. 
developed ;  and  at  the  same  time  the  average  consumption  of  fuel  is 
reduced  from  2-11  lbs.  to  1-828  lbs.,  or  by  13-37  per  cent. 

A  substantial  progress  is  thus  shown  to  have  been  made  during 
the  nine  years ;  and  although  it  does  not  reach  the  enormous  gain  of 
the  previous  decade,  it  is  probably  as  much  as  could  reasonably  be 
expected,  since  the  closer  we  approach  the  limit  the  more  difficult  will 
improvement  become. 

The  Marine  Engine  of  to-day  is  substantially  the  same  in 
design  and  arrangement  as  Sir  Frederick  Bramwell  described 
it.  The  compound  two-cylinder  vertical  engine,  with  receiver, 
and  with  two  cranks  at  right  angles,  as  shown  in  Figs.  1  to  3, 
Plates  53  and  54,  is  the  most  commonly  accepted  type.  It  embodies 
great  simplicity  in  design,  great  facility — and  therefore  cheapness — in 
manufacture  ;  it  has  few  moving  parts,  is  easily  handled  and  tended, 
is  very  accessible  throughout  the  working  parts  while  in  motion, 
and  is  readily  repaired. 
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The  single  Woolf  engine,  commonly  known  as  the  Tandem 
Engine,  with  single  crank  and  fly-wheel,  as  shown  in  Figs.  4  to  6, 
Plates  55  to  57,  was  originally  introduced  and  developed  by  Mr.  Alfred 
Holt,  and  has  recently  been  adopted  by  some  other  shipowners,  with 
great  satisfaction  to  themselves.  It  is  still  however  looked  upon  with 
doubt  and  suspicion  as  to  "  unhandiness  "  by  shipowners  and  their 
engineers  generally,  and  therefore  does  not  make  much  progress  in 
numbers  as  compared  with  engines  having  cylinders  side  by  side : 
and  this  notwithstanding  the  undoubted  advantage  it  possesses,  of 
taking  up  less  fore-and-aft  space  in  the  vessel,  and  of  having  fewer 
working  parts  to  be  looked  after. 

Next  in  order  of  general  acceptance  to  the  two-cylinder  receiver 
engine,  with  cranks  at  right  angles,  is  that  known  as  the  Double 
Tandem  Engine ;  which  consists  of  two  Woolf  engines  placed  side  by 
side,  and  working  two  cranks  at  right  angles,  Fig.  7,  Plate  58.  These 
engines  have  been  extensively  adopted  for  the  largest  transatlantic 
steamers,  and  with  great  success. 

The  tandem  form  of  compound  engine  possesses  the  great 
advantage  of  independence  of  action,  and  may  therefore  be  multiplied 
indefinitely  in  its  application  to  one  propeller.  It  has  long  been 
used  in  the  double  form,  and  last  year  at  Barrow  it  was  introduced  to 
the  notice  of  the  Institution  in  its  triple  form,  as  applied  to  the 
City  of  Borne  (Proceedings  1880,  p.  340),  So  long  as  it  is  thought 
wise  to  concentrate  the  propelling  power  of  a  vessel  in  a  single 
instrument,  the  number  of  such  engines  working  side  by  side  may  be 
increased  indefinitely.  The  triple  or  quadruple  arrangement  of  such 
engines,  as  will  readily  be  seen,  gives  great  uniformity  of  strain,  and 
greatly  relieves  the  weight  and  friction  on  the  crank-shaft,  besides 
balancing  all  the  moving  weights.  To  set  against  these  facts,  there 
is  of  course  the  great  disadvantage  of  increased  number  of  parts, 
always  a  serious  consideration  on  board  ship  at  sea. 

A  modification  of  the  Woolf  engine,  introduced  by  Mr.  D.  Rowan  * 
of  Glasgow  about  the  year  1861,  has  three  cylinders,  one  high 
and  two  low-pressure,  placed  side  by  side,  with'  all  three  piston-rods 
attached  to  one  cross-head.     It  has  recently  been  very  satisfactorily 

*  See  correction  as  to  this,  p.  481  infra. 
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applied  to  paddle  steamers  of  large  power  by  Messrs.  Douglas  Hebson 
and  W.  G.  Ramsden  of  Liverpool,  as  shown  in  Figs.  8  and  9,  Plate  59. 
In  this  case  the  steeple  form  of  engine  is  adopted  ;  the  three  cylinders 
of  each  engine  are  firmly  bolted  both  to  each  other,  and  to  keelsons 
fore  and  aft  the  vessel,  thus  forming  a  very  solid  and  substantial  base 
upon  which  to  construct  the  upper  framing.  Each  set  of  cylinders  is 
worked  by  one  valve  and  motion,  Marshall's  arrangement  being  used. 
The  three  piston-rods  are  attached  to  the  moving  cross-head,  and 
guided  in  the  usual  way. 

This  engine,  the  writer  believes,  is  a  novelty  as  thus  applied.  It 
can  be  made  to  weigh  no  more  than  the  oscillating  form  ;  it  has  given 
most  satisfactory  economical  results  in  working  ;  it  is  easy  to  maintain, 
and  affords  great  facility  of  access  to  all  the  working  parts  for 
overhauling  and  repair,  when  required. 

The  most  recent  form  of  compound  engine,  introduced  into  our 
transatlantic  steamships,  has  three  cylinders,  one  high-pressure 
between  two  low-pressure,  having  an  intermediate  receiver,  and  working 
into  one  crank-shaft,  having  three  cranks  placed  at  equal  angles  from 
each  other.  This  description  of  engine,  Figs.  10  and  11,  Plate  60, 
bids  fair  to  become  the  favourite  one  for  large  powers  ;  several  are  now 
at  work,  and  give  unqualified  satisfaction  both  as  to  economy  of  fuel 
and  cheapness  of  maintenance.  The  Arizona,  of  the  Guion  line,  one 
of  the  first  constructed  on  this  plan,  has  worked  so  well  hitherto  that 
her  owners  have  since  ordered  others  of  greater  power  of  the  same 
description.  The  Servia  also,  now  being  finished  for  the  Cunard  line, 
has  engines  of  this  kind,  with  cylinders  one  of  72  in.  and  two  of  100  in. 
diameter,  and  6^  ft.  stroke.  Compared  with  the  triple  tandem 
engines  of  the  City  of  Borne,  these  have  only  half  the  number  of 
cylinders,  pistons,  valves,  valve-rods,  and  appurtenances,  to  get  out  of 
order  and  keep  in  repair  ;  while  the  balance  of  strains  on  the  main 
shafting  and  crank-pins  can  be  readily  equalised  by  adjusting  the 
cut-off  of  steam. 

These  three  great  types  of  compound  engines  may  be  placed  as 
follows,  in  the  order  of  their  general  acceptance  by  the  shipowning 
community. 
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1.  The  two-cylinder  intermediate-receiver  compound  engine, 
Plate  53,  having  cranks  at  right  angles. 

2.  The  Woolf  engine,  generally  in  the  tandem  form,  having  the 
high-pressure  and  low-pressure  cylinders  in  line  with  each  other, 
Plates  55  and  56,  or  occasionally  having  three  cylinders  alongside, 
Plate  59,  hut  communicating  their  power  to  one  crank.  A  pair  of 
such  cylinders  is  used  sometimes  singly,  Plates  55  and  56,  oftener 
two  pairs  together,  Plate  58,  working  side  by  side  to  cranks  at  right 
angles;  recently  three  pairs  together,  working  to  cranks  placed  120° 
apart.  The  system  affords  the  opportunity  of  adding  yet  more 
engines  to  the  same  propeller  to  an  indefinite  extent. 

3.  The  three-cylinder  intermediate-receiver  compound  engine, 
Plate  60,  with  one  high  and  two  low-pressure  cylinders,  the  steam 
passing  from  the  high-pressure  cylinder  into  the  receiver,  and  thence 
into  the  two  low-pressure  cylinders  respectively.  The  cranks  are 
placed  at  equal  angles  apart  round  the  crank-shaft,  so  as  to  balance 
the  forces  exerted  upon  the  shaft. 

These  three  types  may  be  said  to  embrace  all  the  engines  now 
being  manufactured  in  this  country  for  the  propulsion  of  steam 
vessels  by  the  screw  jDropeller.  In  their  leading  principles  they  also 
embrace  nearly  all  paddle-engines  now  being  built,  whether  the 
cylinders  be  oscillating,  fixed  vertically,  or  inclined  to  the  shaft. 

The  compound  engine  in  fact,  in  one  of  these  three  forms,  may 
now  be  said  to  be  universally  adopted  in  this  country ;  and  the 
question  of  the  relative  value  of  simple  expansion  in  one  cylinder, 
and  of  compound  expansion  in  two  or  more  cylinders,  which 
agitated  the  minds  of  some  of  our  leading  engineers  ten  years 
ago,  is  now  practically  solved  in  favour  of  the  latter. 

The  Marine  Boiler  of  to-day  is  in  all  its  main  features  the 
same  as  it  was  ten  years  ago. 

The  single-ended  boiler,  shown  in  Plate  61,  and  made  with  two, 
three,  and  sometimes  four  furnaces,  is  the  simplest  form,  and,  for  all 
powers  under  and  including  500  I.H.P.  is  the  most  generally  adopted. 

The  double-ended  form,  shown  in  Plates  62  and  63,  is  largely  used. 
It  has  been  found  more  economically  efficient  than  the  single-ended 
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form,  by  as  much  as  10  per  cent,  in  the  writer's  own  experience.  It 
is  generally  adopted  for  engines  of  large  power,  but  for  small 
powers  is  inconvenient,  owing  to  its  occiqrying  more  room  lengthwise 
in  the  vessel,  and  also  involving  two  stoke-holds  and  therefore  more 
supervision.  At  one  time  great  difficulty  was  found  in  keeping  the 
bottoms  of  boilers  of  this  kind  tight.  Owing  to  their  length,  the 
unequal  expansion  due  to  different  temperatures  at  the  top  and 
bottom  caused  severe  racking  strains  on  the  bottom  scams  and 
riveting — so  severe  in  some  cases  as  to  rend  the  plating  for  a 
large  part  of  the  bottom  circumference  of  the  shell.  This  difficulty 
has  now  been  to  a  large  extent  got  over,  in  consequence  of  the  greater 
attention  given  to  the  form  and  direction  of  the  water  spaces  in  the 
boiler  itself,  so  as  to  induce  circulation  of  water ;  the  introduction 
of  the  feed- water  at  the  top  instead  of  near  the  bottom ;  the  more 
careful  management  now  usual  on  the  part  of  engineers ;  and  lastly, 
the  use  of  larger  plates,  welded  horizontal  seams,  drilled  rivet  holes, 
and  more  perfect  workmanship  throughout. 

In  boilers  having  a  single  flame-box  to  two  furnaces  opposite  each 
other,  as  in  Fig.  19,  Plate  63,  difficulty  has  been  experienced  in  keeping 
the  ends  of  the  tubes  tight,  owing  to  the  action  of  the  one  furnace  upon 
the  other,  and  the  inequalities  of  temperature  induced  thereby.  This 
is  now  obviated  by  the  introduction  of  a  fire-brick  division  extending 
just  so  high  as  to  prevent  the  current  of  air,  when  the  door  is 
opened,  from  striking  directly  upon  the  opposite  tube-plate. 

The  modification  of  double-ended  boiler  shown  in  Figs.  20  and  21, 
Plate  64,  is  that  introduced  by  Mr.  Alfred  Holt.  It  has  many  decided 
advantages,  but  is  costly  to  make.  The  formation  of  the  two  ends 
into  separate  fire-boxes  leaves  the  bottom  of  the  boiler  free  to 
adapt  itself  to  the  variations  of  temperature  to  which  it  is  exposed. 
The  separation  of  the  furnaces  from  the  combustion  chamber, 
excepting  through  the  opening  afforded  by  the  connecting-tube 
shown  at  A,  is  an  advantage  in  the  same  direction,  and  avoids 
almost  entirely  the  racking  strains  due  to  irregular  furnace 
action.  The  weight  of  water  carried  is  less,  and  that  of  the 
boiler  may  also  be  made  less ;  while  the  elliptical  form  of  the  two 
ends  gives  greater  steam  space. 
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Figs.  24  and  25,  Plate  65,  represent  a  type  of  boiler  largely  used 
in  Her  Majesty's  navy,  and  very  suitable  for  all  classes  of  vessels  where 
length  is  available.  It  is  introduced  here  as  a  specimen  of  a  highly 
efficient  boiler  in  regard  to  weight  and  power  developed.  Many 
examples  have  yielded  one  I.H.P.  in  the  cylinders  for  every  3  sq.  ft. 
of  heating  surface,  under  natural  draught  and  with  a  very  moderate 
height  of  funnel ;  and  this  with  a  consumption  of  fuel  not  exceeding 
2^  lbs.  per  I.H.P.  per  hour  under  a  working  pressure  of  60  lbs. 
With  the  aid  of  a  steam  jet  in  the  funnel,  the  heating  surface  per 
I.H.P.  has  fallen  below  2^  sq.  ft.  The  large  water-surface  afforded 
for  escape  of  steam  secures  almost  entire  freedom  from  priming, 
without  the  incumbrance  of  steam  domes ;  and  the  large  combustion 
chamber  allows  of  the  thorough  combustion  of  the  gases  before 
their  passage  through  the  tubes. 

The  locomotive  type  of  boiler  has  lately  occupied  the  writer's 
attention,  with  a  view  to  its  more  definite  introduction  into  marine 
work.  In  his  recent  paper  before  the  Institution  of  Civil  Engineers 
(Proceedings,  1881,  vol.  lxvi.,  p.  87,)  Mr.  Thornycroft  has  shown  what 
can  be  done  with  it  under  a  forced  draught ;  and  how  to  reduce  the 
weight  of  boilers  and  the  water  in  them,  as  well  as  how  to  get  a  large 
power  out  of  a  small  boiler.  This  form  of  boiler,  Figs.  22  and  23, 
Plate  65,  affords  the  opportunity  of  introducing  an  almost  unlimited 
amount  of  absorbing  surface  in  the  shape  of  tubes,  while  the  fire-box  is 
in  the  best  form  possible  for  efficiency.  The  difficulties  however,  which 
lie  in  the  way  of  applying  the  same  principles  to  steamers  going  long 
voyages,  are  very  great.  The  principal  difficulty  lies  in  the  necessity 
of  burning  a  large  quantity  of  fuel  in  a  very  limited  space  and  time. 
This  can  only  be  done  either  by  direct  pressure  or  exhaust  action 
applied  at  the  furnace.  In  other  words  we  must  either  exhaust  the 
funnel,  which  will  absorb  a  large  amount  of  power,  but  would  be 
comparatively  easy  of  application  ;  or  our  stokers,  as  is  the  case  with 
our  miners,  must  work  under  a  pressure  of  air.  The  writer  would 
submit  for  the  consideration  of  the  meeting  whether  this  latter  is  an 
unreasonable  condition  of  things  to  contemplate,  considering  that  by  so 
doing  we  should  enormously  reduce  the  dead  weight  of  our  boilers  and 
water,  and  thereby  leave  room  for  a  corresponding  weight  of  cargo. 

2  o 
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The  Perkins  boiler  (described  in  Proceedings  1877,  p.  117  and 
riates  15  to  17 )  may  bo  referred  to  as  a  specimen  of  tbe  tubulous 
system  applied  to  marine  purposes.  It  must  be  admitted  tbat  the 
tubulous  system  lias  not  been  a  success,  as  actually  worked  on  board 
skip ;  tkc  writer  nevertkeless  submits  tkat  tkis  system  affords  a 
means  of  reducing  tke  enormous  weigkt  of  boilers  and  water  at 
present  deemed  necessary,  which  is  well  wortky  our  consideration  ; 
more  especially  as,  witk  increasing  steam  pressures,  tkis  weigkt  must  be 
still  further  increased,  to  tke  serious  kindrance  of  progress,  and  loss 
to  tke  skipowner  by  tke  displacement  of  freigkt-paying  cargo. 

Witk  regard  to  tke  use  of  steel  in  marine  boilers,  tke  valuable 
paper  read  by  Mr.  Boyd  in  1878  and  tkat  read  by  Professor  Kennedy 
at  tke  last  meeting  kave  left  very  little  to  be  said  as  to  tke  ckaracter 
and  use  of  tke  material,  and  tke  mode  of  treating  it.  Tke  writer 
wiskes  only  to  state  tke  result  of  kis  experience  in  tke  manufacture 
and  working  of  suck  boilers,  witk  tke  view  principally  of  removing 
tke  doubt  and  uncertainty,  so  freely  expressed  in  tke  'discussion  on 
tkose  papers,  and  to  some  extent  justified  by  tke  failure  of  tke 
boilers  of  tke  Livadia.  Many  steel  boilers  of  sizes  varying  from 
6  ft.  to  14  ft.  6  in.  diameter  kave  left  Messrs.  K.  and  W.  Hawtkorn's 
works  at  St.  Peter's  since  1877,  wken  tke  first  was  made ;  and  in  no 
case  kas  tkere  been  a  failure  of  a  plate  after  being  put  into  a  boiler, 
eitker  in  tke  process  of  manufacture  or  in  working  at  sea.  Tke  mode 
of  working  is  as  follows  : — For  skcll  plates,  from  f  in.  to  •§•  in.  tkick, 
to  warm  eaek  to  a  dark  red  keat  before  bending  in  tke  rolls,  kaving 
previously  drilled  a  few  koles  to  template  for  bolting  tke  plates 
togetker  ;  tke  longitudinal  seams  are  usually  lap  joints  treble-riveted, 
requiring  tke  corners  to  be  tkinned,  wkick  is  done  after  rolling,  as 
skown  in  Figs.  35  to  38,  Plate  70.  Tke  furnace  plates,  Plates  Gl, 
62,  63,  and  65,  are  generally  welded  longitudinally,  two  rings  in  tke 
lengtk  of  tke  furnace,  and  flanged  to  form  Adamson  rings,  and  at  tkc 
back  end  to  meet  tke  tube-plate  ;  tke  back  flame-box  plates  are  flanged, 
as  also  tke  tube-plates  and  front  and  back  plates ;  and  wkerever 
work  is  put  on  to  tke  plate  it  is  annealed  before  going  into  place. 
Tke  rivet  koles  are  drilled  tkrougkout.  In  putting  togetker  tkc 
longitudinal  seams  of  tke  tkicker  skell  plates,  great  care  is  always 
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taken  to  set  the  upper  and  under  plates  for  the  lap  to  their  proper 
angle  before  they  are  bolted  together,  a  point  generally  overlooked 
by  the  practical  boilersniith.  It  will  be  observed  that  if  this  is  not 
done,  great  strain  is  thrown  on  the  material,  sometimes  resulting  in 
fracture ;  since  the  plates  tend  to  take  the  form  shown  by  the  clotted 
lines,  Figs.  37  and  38,  Plate  70.  In  two  boilers,  made  in  another 
department  of  the  works,  fracture  actually  did  take  place  while 
closing  up  the  riveting  in  four  plates  f  in.  thick ;  the  riveters 
having  followed  the  old  bad  custom,  so  common  in  iron  boilers,  of 
drawing  the  plates  together  when  in  place,  in  order  to  close  work 
which  the  platers  should  have  closed.  The  writer  suggests  that 
this  may  have  been  done  in  other  boilers  besides  those  mentioned. 
The  use  of  steel  for  boilers  is  always  recommended  by  the  writer, 
and  in  no  case  has  he  had  cause  to  regret  it. 

The  question  of  corrosion  is  one  which  is  gradually  being 
answered  as  time  goes  on  ;  and  so  far  very  satisfactorily  for  steel. 
Some  steel  boilers  were  examined  a  few  weeks  ago  which  were  amongst 
the  first  made  ;  and  the  superintending  engineer  reports,  "  There  is  no 
sign  of  pitting  or  corrosion  in  any  part  of  the  boiler  ;  the  boilers  are 
washed  out  very  carefully  every  voyage,  and  very  carefully  examined, 
and  I  cannot  trace  anything  either  leaking  or  eating  away.  No  zinc 
is  used,  only  care  in  washing  out,  drying  out,  and  managing  the  water." 

This  is  the  evidence  of  an  engineer  with  a  large  number  of 
vessels  in  his  charge.  His  statements  could  be  corroborated  by  many 
other  engineers  in  similar  positions.  On  the  other  hand  some  of 
our  most  prominent  Liverpool  engineers  always  use  zinc,  and  take 
care  to  apply  it  most  strictly.  The  evidence  of  one  of  them  is  as 
follows  : — "  We  always  fix  slabs  of  zinc  to  most  boilers,  exposing  not 
less  than  a  surface  of  1  sq.  ft.  for  every  20  I.H.P.,  and  distributed 
throughout  the  boiler.  This  zinc  we  find  to  be  in  a  state  of  oxide 
and  crumbling  away  in  about  three  months.  We  then  renew  the 
whole,  and  find  this  will  last  twelve  months  or  more,  when  it  is 
renewed  again.  Meantime  we  have  no  pitting  and  no  corrosion,  but 
on  the  contrary  the  interior  surfaces  appear  to  have  taken  a  coating 
of  oxide  of  zinc  all  over,  and  we  have  no  trouble  with  them."  Again 
many  engineers  have  trouble  with  their  boilers  under  both  systems ; 

2  o  2 
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this  is  due  uo  doubt  to  some  mismanagement,  probably  the  admission 
of  too  much  air  with  the  feed  water.  Frequently  too  the  tubes  and 
interior  surfaces  are  destroyed  by  drops  of  moisture  being  allowed  to 
form  and  dry  upon  them,  after  blowing  out. 

The  superheating  of  steam,  notwithstanding  its  undoubted  value 
in  all  expansion  engines,  has  practically  died  out.  To  some  extent 
the  use  of  much  higher  pressures  has  rendered  it  less  necessary ;  but 
the  practical  difficulty  in  the  rapid  corrosion  of  the  material  of  which 
the  superheaters  were  made,  and  the  restrictions  imposed  by  Lloyd's 
and  the  Board  of  Trade  on  that  account,  have  mainly  led  to  their 
abandonment. 

The  most  noteworthy  feature  of  to-day  in  connection  with  the 
marine  engine  is  the  demand  for  largely  increased  power,  to  meet 
the  requirements  of  shipowners  for  larger  vessels  and  higher  speeds. 
There  is  a  growing  feeling  amongst  them  that  "  speed  pays " ; 
and  that  it  is  better  to  ensure  certainty  of  arrival  at  the  port  of 
destination  than  to  save  a  few  tons  of  coal  on  the  voyage.  At  the 
same  time  it  is  of  the  utmost  importance  that  the  required  increase 
of  speed  and  power  should  be  achieved,  first,  with  the  least  possible 
weight  of  machinery,  water,  and  fuel  to  be  carried ;  secondly,  with 
the  least  possible  expenditure  of  fuel ;  and  thirdly,  with  safety 
and  efficiency  in  working,  low  wear  and  tear,  and  cheapness  of 
maintenance. 

These  points  being  kept  in  view,  the  writer  proposes  to  consider 
our  present  marine  engine  as  to  its  efficiency  and  capability  of  further 
improvement,  and  then  to  consider  generally  in  what  direction  we 
may  look  for  further  development ;  carefully  separating,  throughout, 
the  boiler,  or  steam  generator,  from  the  engine,  or  steam  user. 

Weight. — The  weight  of  machinery,  water,  and  fuel  carried  for 
propelling  ships  has  not  had  due  attention  in  the  general  practice 
of  engineers. 

By  the  best  shipping  authorities  the  writer  is  assured  that  every 
ton  of  dead-weight  capacity  is  Avorth  on  an  average  £10  per  annum 
as  earning  freight.     Assuming  therefore  the  weight  of  the  machinery 
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and  water  in  any  ordinary  vessel  to  be  300  tons,  and  that,  by 
careful  design  and  judicious  use  of  materials,  the  engineer  can 
reduce  it  by  100  tons,  without  increasing  the  cost  of  working,  he 
makes  the  vessel  worth  £1000  per  annum  more  to  her  owners.  That 
there  is  much  room  for  improvement  in  this  direction  is  shown  by 
the  following  statement,  giving,  for  various  classes  of  ships,  the 
average  weight  of  machinery,  including  engines,  boilers,  water,  and 
all  fittings  ready  for  sea,  in  lbs.  per  indicated  horse  power : — 

LI'S,  per 
I.H.P. 
Merchant  Steamers 480 

Royal  Navy 360 

Engines  specially  designed  for  light-draught  vessels  280 
Royal    Navy,    "  Polyphemus "    class    (given     by 

Mr.  Wright) 180 

Modern  Locomotive    ......  140 

Torpedo  Vessels         .          ...         .         .          .  GO 


Ordinary  Marine  Boilers,  including  water     .  .         196 

Locomotive  Boilers,  including  water    ...  GO 

In  view  of  the  commercial  considerations  before  mentioned,  in 
regard  to  merchant  steamers,  these  figures  confirm  the  idea  that  the 
weight  of  machinery  on  board  such  vessels  has  not  received  the 
attention  its  importance  demands. 

The  ordinary  marine  boiler,  encumbered  as  it  is  by  the  Regulations 
of  the  Board  of  Trade  and  of  Lloyd's  Committee,  does  not  admit  of 
much  reduction  in  the  weight  of  material  or  of  water  carried  when 
working.  The  introduction  of  steel  has  reduced  the  weight  by  about 
one-tenth ;  but  it  is  the  alteration  of  form,  to  the  locomotive, 
tubulous,  or  some  other  type,  combined  with  some  method  of  forced 
draught,  to  which  we  must  look  for  such  reductions  in  weight  of 
material  and  water  as  will  be  of  any  great  commercial  value. 

The  engine  may  be  reduced  in  weight  by  reducing  its  size,  and 
this  can  only  be  done  by  increasing  the  number  of  revolutions  per 
minute.  It  has  hitherto  been  the  practice  to  treat  the  propeller  as 
dependent  upon  the  size  of  engines,  draught  of  water,  and  speed 
required.  This  process  should  be  reversed.  The  propeller's 
diameter  depends  on  the  column  of  water  behind,  which  is  necessary 
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to  overcome  the  resistance  in  front  due  to  the  properties  of  tho 
vessel.  This  fixed,  the  intended  speed  will  then  fix  the  numher  of 
revolutions,  which  will  be  found  much  greater  than  is  usual  in 
practice ;  and  from  this  the  size  of  the  engines  and  boilers  will  be 
determined. 

Great  saving  in  weight  can  be  effected  by  careful  design,  and 
by  judicious  selection  and  adaptation  of  materials ;  also  by  the 
substitution  of  trussed  framing  and  a  proper  mode  of  securing  the 
engine  to  the  structure  of  the  vessel  (as  worked  out  in  H.M.S.  Nelson, 
by  Mr.  A.  C.  Kirk  of  Glasgow,  Plate  66,  and  in  the  beautifully 
designed  torpedo-boat  engines  of  Mr.  Thorny  croft,  Plate  67),  in  place 
of  the  massive  cast-iron  bedplates  and  columns  of  the  ordinary  engines 
of  commerce.  The  American  engines  of  the  earlier  time  might  also  be 
profitably  studied,  not  for  imitation  throughout,  but  to  see  what  can  be 
done  towards  lightening  machinery,  and  at  the  same  time  securing 
efficiency  and  durability.  Condensers  may  advantageously  be  made  of 
plate  iron,  brass,  or  copper,  due  care  being  taken  to  guard  against 
galvanic  action.  The  condensing  surface  needs  further  consideration  ; 
in  many  cases  it  is  much  larger  than  necessary :  in  which  case 
massive  castings  of  great  weight  are  required,  and  large  quantities 
of  water  carried,  which  are  not  really  needed. 

The  same  may  be  said  of  the  moving  parts.  Solidity  and  rigidity 
are  great  virtues  in  a  stationary  engine  or  machine,  and  weight  is 
necessary  to  the  locomotive  for  the  purpose  of  adhesion  ;  but  in  the 
ease  of  a  marine  engine  mass  and  rigidity  may,  and  frequently  do, 
become  serious  evils.  Firstly,  unnecessary  mass  means  needless 
weight  to  be  carried,  unprofitable  load  to  be  propelled,  and  the 
displacement  of  its  equivalent  in  freight-paying  cargo  ;  and  secondly, 
it  means  rigidity,  and  the  setting  up  of  a  state  of  heterogeneity 
in  the  whole  structure,  consisting  of  ship,  engines,  and  cargo, 
instead  of  the  homogeneity  which  is  essential  to  a  successful  working 
machine.  In  fine,  the  hull  and  engine  should  be  as  much  as  possible 
one  structure :  rigidity  in  one  place  and  elasticity  in  others  is  the 
cause  of  most  of  the  accidents  so  costly  to  the  shipowner.  Under 
such  conditions  mass  and  solidity  cease  to  be  virtues,  and  the  sooner 
their  place  is  taken  by  careful  design,  and  the  use  of  the  smallest 
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weight  of  material  (of  tlie  very  best  kind  for  the  purpose)  consistent 
with  thorough  efficiency,  the  better  for  all  concerned. 

Fuel. — We  come  now  to  the  question  of  the  consumption  of  fuel. 
Eeferring  again  to  Table  I.  (p.  452)  we  see  that  a  considerable  saving 
has  been  effected  in  nine  years.  The  averages  of  Sir  Frederick 
Bramwell's  Table  and  of  Table  I.  stand  as  in  Table  II.  below : — 

Table  II. — Comparison  op  1872  and  1881. 


Item.  1S72.  1SS-1. 


Boiler  pressure,  lbs.  per  sq.  in. 
Heating  surface  per  I.H.P.,  sq.  ft 
Piston  speed,  ft.  per  min.    . 
Coul  burnt  per  I.H.P.  per  hour,  lbs 


52-4 

4-41 

376 

2-11 


77-4 
3-919 

467 
1-828 


This  shows  a  saving  equal  to  13*37  per  cent,  in  quantity  of  fuel 
consumed.  It  is  right  to  mention  that  the  percentage  here  stated  by 
no  means  represents  the  actual  saving  effected  in  money  value.  The 
coal  now  supplied  to  steamers  is  of  very  inferior  quality  compared 
with  that  shipped  as  bunker  coal  prior  to  the  coal  famine  of  1873 
and  1874.  During  those  years  the  refuse  of  the  pits  and  pit  heaps,  and 
the  poorest  of  black  material,  came  into  use,  and  this  still  holds  its 
place  firmly  as  bunker  coal ;  at  best  unscreened  coal  is  supplied,  where 
the  very  best  screened  coal  was  required  prior  to  1873.  This  very 
materially  affects  the  question  in  hand,  and  the  writer  submits  that 
it  would  not  be  unreasonable  to  take  credit  for  a  saving  in  money 
value  of  at  least  20  per  cent.,  instead  of  13  per  cent. 

The  writer  thinks  it  right  to  introduce  at  this  point  a  letter  with 
which  he  has  been  favoured  by  Mr.  Alfred  Holt,  of  Liverpool, 
bearing  on  this  subject,  as  well  as  on  other  matters  which  will  be  dealt 
with  presently. 

"  1,  India  Buildings,  Liverpool,  June  lSth,  1SS1. 
"Dear  Sie, 

"  In  response  to  your  letter  of  May  27th,  I  now  enclose  the 

form  you  sent  me,  filled  up  with  particulars  of  specimens  of  two  of 
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my  best  classes  of  ships.  My  vessels  run  in  classes,  so  there  is  no 
occasion  to  give  you  particulars  of  individual  ships. 

"  I  do  not  thiuk  that  quite  so  good  a  result  as  that  shown  in  the 
form  is  generally  attained  on  the  average  through  the  fleet ;  and 
having  commenced  lately  to  allow  more  steam  in  the  high-pressure 
cylinders,  a  less  economical  performance  naturally  results.  I  think 
I  should  be  able  to  obtain  about  2  ■  3  lbs.  jier  I.H.P.  per  hour  over 
the  whole,  and  I  do  not  think  that  I  have  made  anything  more  than 
a  fractional  advance  in  economy  of  fuel  since  18G8. 

"  The  fact  of  the  matter  is  I  have  not  tried  to  do  so,  and  I 
don't  believe,  so  far  as  my  observation  extends,  that  mere  economy  of 
fuel  is  much  cared  for  now ;  coals,  which  used  to  be  the  greatest,  are 
becoming  one  of  the  minor  disbursements  of  a  steamer,  and  it  cannot 
have  escaped  your  notice  that  some  modern  steamers,  careless  of  fuel, 
are  actually  abandoning  both  the  compound  system  and  high  pressure. 

"  My  opinion  is,  and  for  many  years  has  been,  that  the  compound 
system  will  come  to  be  abandoned.  I  am  endeavouring  to  feel  my  way 
to  using  the  steam  in  one  cylinder  only,  and  so  far  the  results  have  been 
encouraging  ;  and  I  am  now  engining  a  2200  ton  vessel  on  that  system. 
I  am  also  endeavouring  to  do  without  a  crank-shaft,  the  forward  end 
of  the  screw-shaft  carrying  an  ordinary  crank  with  overhung  pin.  This 
exj^eriment  also,  so  far  as  I  have  got,  promises  satisfactorily.* 

"  In  my  opinion  the  great  improvement  of  the  immediate  future  is 
to  increase  the  steam  production  of  our  boilers.  One  ton  weight  of  a 
locomotive  boiler  produces  as  much  steam  as  G  tons  of  an  ordinary 
steamboat  boiler. 

"  Of  course  the  solution  lies  in  the  possibility  of  (1)  burning  more 
fuel,  and  (2)  taking  the  heat  out  of  it.  It  is  a  difficult  problem  ;  a 
steam  blast  will  not  do  it,  and  I  am  fitting  a  vessel  with  a  rotary 
blower,  capable  of  a  pressure  of  about  2  lbs.  on  the  inch,  which  shall 
eject  air  through  a  tapered  blast-pipe  up  the  centre  line  of  an 
ordinary  funnel,  so  near  the  top  that,  before  the  cold  ejected  air  destroys 
by  its  gravity  the  motive  force  it  has  received  from  the  blower,  and 


*  This  engine,  and  its  general  arrangement  in  the  ship,  is  shown  in  Figs.  29 
to  31,  Plates  68  to  70,  from  tracings  kindly  supplied  hy  Mr.  Holt. 
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so  deadens  the  current,  it  shall  be  out  of  the  chimney.  At  the 
present  time  I  am  more  hopeful  than  confident  of  the  result,  hut  I 
am  convinced  improvement  in  that  line  is  shortly  to  he  looked  for. 
What  a  gain  it  would  be  to  diminish  the  weight  of  our  boilers  to  one 
third,  which  is  my  aim  in  the  boat  alluded  to. 

"  Yours  truly, 
"  F.  C.  Marshall,  Esq.,  Xewcastle-on-Tyne."  "  Alfred  Holt." 

This  letter  the  writer  considers  to  be  of  great  importance,  coming 
as  it  does  from  one  of  our  most  enterprising  shipowners,  who  is  at 
the  same  time  an  experienced  practical  engineer. 

It  will  be  noticed  Mr.  Holt  speaks  of  the  coal  account  as  one  of 
the  minor  disbursements  of  a  steamer.  He  does  not  give  the 
ratio  which  coals  bear  to  the  total  disbursements,  but  from  other 
reliable  sources  the  writer  finds  that,  according  to  the  direction  of 
the  voyage,  it  varies  from  16  to  20  per  cent. — or  say  an  average  of 
18  per  cent. — in  a  vessel  carrying  a  cargo  of  2500  tons.  This  will 
represent  to-day  about  £3000  per  annum,  and  in  1872,  at  equal  prices, 
the  cost  would  have  been  £3750 — showing  a  saving  of  £750,  equal 
to  a  dividend  of  say  3  per  cent,  on  the  value  of  the  ship.  Again,  the 
cost  of  coal  per  mile  run  for  such  a  vessel  in  1872  would  have  been 
at  least  16^cL  ;  to-day  it  does  not  exceed  13c7. 

Viewed  from  the  shipowners'  stand-point  this  may  be  a  minor 
consideration,  but  to  the  marine  engineer  it  is  important  as  indicating 
progress  where  progress  is  difficult ;  and  taking  it  as  such  he  is 
encouraged  to  further  effort  in  the  same  direction. 

Efficiency. — The  third  part  of  this  question  must  now  be 
considered,  viz.  how  to  increase  speed  and  power  with  safety  and 
efficiency. 

The  marine  boiler  as  now  made  is  a  very  efficient  generator. 
Tables  I.  and  II.  show  that  with  an  increase  of  pressure, 
consumption  has  been  reduced ;  but  if  the  quantity  of  steam  used 
be  considered,  in  relation  to  the  increased  pressure,  it  will  be  seen 
that  the  boiler  of  to-day  is  little  if  any  more  efficient  than  that  of 
ten  years  ago :  as  is  shown  by  the  following  comparative  Table  of 
the  calculated  advantage  due  to  using  steam  of  the  average  working 
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pressure  given  in  Table  I.,  or  77  -4  lbs.,  as  compared  with  tbe 
average  pressure  of  1872,  namely  52*4  lbs.  Tbe  advantage  is  seen 
to  be  13  per  cent.,  which  is  almost  exactly  tbe  same  as  tbe  actual 
saving  found  from  Table  I. ;  wbence  it  would  appear  tbat  our  gain  in 
consumption  is  solely  due  to  bigber  pressure,  and  in  no  sense  to 
increased  efficiency  of  boiler. 

TABLE  III. 

Calculated  net  Coal  and  Steam  used  per  I.H.P.  per  bour,  for  steam  of 
52*4  lbs.  and  77*4  lbs.  pressure  above  atm. ;  tbe  same  terminal 
and  back  pressure  being  assumed  in  eacb  case. 

Pressure  above  atm.  Pressure  above  atm 
52-4  lbs.  77-4  lbs. 


Working  pressure  (total) lbs.  '        67*4 

No.  of  expansions 5*15 

Steam  used  per  I.H.P.  per  hour  .  .  .  lbs 
Net  coal  required,  per  I.H  P.  per  hour  .  lbs 
Ratio  of  the  net  coal  required,  the  amount  for 

67 -4  lbs.  total  pressure  being  unity. 

Advantage,  per  cent 

Coal  per  I.H.P.  per  hour,  taking-  2-11  lbs.  as  r 

quired  at  67 -4  lbs.  total  pressure     . 
Actual  coal  burnt,  as  per  Table    .... 


21-00 
1-73 


1-00 


92-4 
7*05 

IS -17 
1-501 

0-87 
13 

1-835 
1-828 


If  tbe  evaporative  performance  of  tbe  marine  boiler  is  to  be 
increased,  it  must  be  by  one  of  tbe  four  following  metbods : 
(1)  Increase  of  beating  surface  ;  (2)  Better  disposition  of  absorbing 
surface  ;  (3)  Tbe  adoption  of  tbinner  plates,  or  of  a  material 
having  better  conductive  power  for  beat;  (4)  Tbe  adoption  of  a 
different  and  better  form  of  boiler  as  a  whole. 

The  present  boiler  bas  an  evaporative  efficiency  of  about  75  per 
cent.,  and  cannot  be  much  improved  so  long  as  air  is  supplied  to 
the  furnace  merely  by  tbe  natural  draught,  due  to  tbe  temperature 
and  beigbt  of  chimney.  The  extent  of  efficient  beating  and  grate 
surface  is  limited,  and  almost  fixed,  by  tbe  same  cause. 

To  increase  tbe  efficiency  by  one-tentb,  or  from  75  to  82  •  5  per 
cent.,  would  require  about  double  tbe  beating  surface,  tbe  weight  of 
boiler  and  water  being  also  doubled.  If  it  were  attempted  at  tbe 
same  time  to  increase  tbe  pressure,  as  well  as  tbe  beating  surface, 
relatively  to  tbe  coal  burnt,  tbe  addition  would  be  somewbat  less ; 


August  1881.  THE  MARINE  ENGINE.  467 

thus,  were  there  an  increase  of  pressure  from  lOo  to  150  lbs.,  then, 
instead  of  double  the  quantity  of  heating  surface,  1-75  of  that  due 
to  the  lower  pressure  would  suffice. 

Mr.   Blechynden's    formula,    used    in     the    writer's    works    for 
weights  of  cylindrical  marine  boilers  of  the  ordinary  type,  and  for 
pressures  varying  from  50  lbs.  to  150  lbs.  total,  is  as  follows  : — 
(P  +  15)  (S+D2L) 


W 

wheuce  W  = 


C 
2S  (P+15) 


C 

if  S  =  D2L,  which  is  a  common  proportion. 
Here    W  =  weight  in  tons, 

P  =  working  pressure  as  on  gauge,  in  lbs.  per  sq.  in.  above  atm., 
S  =  heating  surface,  in  square  feet, 
D  =  diameter,  in  feet, 
L  =  length,  in  feet, 

C  =  a  constant  divisor,  depending  on  the  class  of  riveting,  &c. 

For  boilers  made  to  Lloyd's  rules,  and  with  iron  shells 

having  75  per  cent,  strength  of  solid  plate,  C  =  13,200. 

This  formula,  if  correct,  and  it  is  almost  strictly  so,  would  give 

the  following  as  relative  weights  of  boilers  per  sq.  ft.  of  heating 

surface,  for  105  and  150  lbs.   total  pressure,  assuming  we  wish  to 

increase  the  efficiency  10  per  cent. : — 

Weight  at  105  lbs.  =  105  X  -5- 

„       150   „   =150xl-75x2(l  =  263x^ 

Hence  the  ratio  of  weight  =  1-^  =  2,5. 

In  other  words  the  boiler  with  the  higher  efficiency  would  weigh 
two-and-a-half  times  that  with  the  lower  efficiency.  It  appears 
therefore  that  increase  of  efficiency  cannot  be  got  to  any  useful 
extent  by  increase  of  surface,  without  such  serious  addition  to  weight 
as  to  render  it  impracticable,  or  at  least  unprofitable. 

Next,  will  better  disposition  of  heating  surface,  or  the  adoption 
of  thinner  or  more  conductive  material,  add  to  the  evaporative 
efficiency  ? 

It  is  difficult  to  see  in  what  way  any  great  departure  can  be  made 
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from  the  present  arrangement  of  surface.  The  introduction  of  the 
Pox  corrugated  furnace  is  the  only  step  made  of  late  years,  and  it 
promises  in  the  future  to  he  an  effective  form  in  which  to  place  the 
material.  Hitherto  there  have  hecn  difficulties  connected  with  its 
use,  hut  these  have  hecn  in  every  case  due  to  manufacture,  and  such 
as  are  incident  to  every  new  process.  They  have  in  no  case  arisen 
from  the  principle  of  corrugation,  which  must  in  time  permit  the 
furnaces,  the  best  and  most  vital  of  the  effective  parts  of  the  hoilcr, 
to  be  made  of  considerably  thinner  plate  ;  and  will  thus  increase  to 
some  extent  the  efficiency  of  the  boiler.  The  use  of  metal  of  higher 
conductivity  for  the  flame  boxes  and  tubes,  say  copper  for  the 
one  and  brass  for  the  other,  would  undoubtedly  add  greatly  to  the 
efficiency  of  these  parts.  The  boilers  of  the  navy  are  invariably 
fitted  with  brass  tubes ;  and  but  for  the  first  cost  of  the  material,  and 
subsequent  outlay  for  zinc,  to  prevent  galvanic  action  in  the  iron 
plates,  it  would  be  a  gain  to  adopt  them  generally. 

We  have  now  considered  three  of  the  means  of  increasing  boiler 
efficiency ;  but  it  is  clear  that  anything  that  can  be  done  with 
the  present  boiler  is  limited  by  one  measure,  namely  the  power 
of  the  chimney.  Mr.  Perkins  has  shown  us  that  in  his  boiler,  with 
slow  combustion,  he  can  develop  in  his  engine  10G  I.H.P.,  from 
GOO  sq.  ft.  of  heating  surface,  on  a  consumption  of  under  1*7  lb.  per 
LHP.  per  hour,  with  a  working  pressure  of  350  lbs.  per  sq.  in.,  and 
with  a  weight  of  boiler  and  appurtenances — as  the  writer  is  informed 
— only  half  that  of  the  ordinary  form.  But  it  may  be  doubted 
whether  the  tubes  forming  the  furnace,  and  the  rows  immediately 
over  the  fire,  would  not  very  rapidly  burn  out  from  the  expulsion 
of  the  water,  under  the  heat  of  combustion  even  of  the  ordinary  20 
to  30  lbs.  of  fuel  burnt,  per  square  foot  of  grate  per  hour. 

Mr.  Perkins  has  however  shown,  in  the  working  of  his  engine 
and  boiler,  that  cylinders  can  be  worked  at  350  lbs.  pressure  and 
corresponding  temperature,  without  oil  or  other  lubrication  than 
that  of  the  steam  itself;  and  that  boilers  can  be  worked  at  sea  with 
pure  water — themselves  making  up  their  own  waste — and  can  be  kept 
absolutely  clean  and  free  from  injurious  deposit.  These  are  important 
gains  to  our  knowledge,  and  may  no  doubt  bear  results  in  the  future. 
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The  a]q:>lication  of  forced  draught  to  the  furnace  has  been  several 
times  used  in  marine  boilers  within  the  last  decade,  and  promises 
more  than  any  other  method  a  way  to  largely  increased  efficiency, 
as  well  as  to  reduction  in  weight. 

For  some  fifty  years  the  locomotive  boiler  has  now  been  in 
operation,  and  under  the  action  of  the  blast  pipe  has  been  the  most 
powerful  evaporator  in  existence  for  its  weight.  As  has  been  already 
noted,  it  does  the  same  work  on  less  than  one-third  of  the  weight  of 
the  marine  boiler.  In  the  case  of  a  vessel  of  3000  tons,  with  engines 
and  boilers  of  1500  I.H.P.,  the  introduction  of  locomotive  boilers 
with  forced  draught  would  place  at  the  disposal  of  the  owner  150  tons 
of  cargo  space,  representing  £1500  per  annum  in  addition  to  the 
present  earnings  of  such  a  vessel.  The  boiler  space  of  such  a  vessel, 
arranged  on  this  principle,  is  shown  in  Figs.  39  and  40,  Plate  71  :  the 
stokc-hold  S  is  made  air-tight,  and  two  fans  FF  are  used  for  forcing 
the  air.  The  arrangement  with  the  ordinary  form  of  boiler  is  shown 
in  dotted  lines  for  the  purpose  of  comparison ;  and  the  shaded 
portions  AA  show  the  spaces  saved  by  adopting  the  locomotive  type. 

Mr.  Thornycroft  has  for  some  years  used  the  locomotive  form 
of  boiler  for  his  steam  launches,  working  them  under  an  air  pressure 
— produced  by  a  fan  discharging  into  a  closed  stoke-hold — of  from 
1  in.  to  6  in.  of  water,  as  may  be  required.  The  experiments  made 
gave  an  evaporation  of  7  •  61  lbs.  of  water,  at  212°  F.,  from  1  lb.  of  coal, 
with  2  in.  of  water  pressure  ;  and  6  •  41  lbs.  with  6  in.  of  pressure.  These 
results  are  low ;  but  it  is  to  be  remembered  that  the  heating  surface 
is  necessarily  small,  in  order  to  save  weight,  and  the  temperature  of 
the  funnel  consequently  high,  ranging  from  1073°  F.  at  the  2  in. 
pressure  to  1444°  at  the  6  in.  With  the  ordinary  proportions  of 
locomotive  practice  the  efficiency  can  be  made  equal  to  the  best 
marine  boiler,  when  working  under  the  water  pressure  usual  in 
locomotives,  say  from  3  to  4  in.,  including  funnel  draught. 

It  has  recently  fallen  to  the  lot  of  the  writer  to  fit  three  vessels  with 
boilers  worked  under  pressure  in  closed  stoke-holds.  The  results,  even 
under  unfavourable  conditions,  were  very  satisfactory.  The  pressure 
of  air  would  be  represented  by  under  2  in.  of  water,  and  the  I.H.P. 
given  out  by  the  engines  was  2800,  as  against  1875  when  working 
by  natural  draught,  or  exactly  50  per  cent,  gain  in  power  developed. 
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The  boilers  here  alluded  towcro  of  the  type  which,  for  distinction, 
may  be  called  the  "  Navy  boiler,"  Figs.  24  and  25,  Plate  65,  and 
they  give  under  ordinary  conditions  very  excellent  results.  But  they 
have  the  disadvantage  of  greater  length  and  weight  than  the  locomotive 
form,  which  more  than  any  other,  in  the  writer's  opinion,  promises 
to  meet  the  future  requirements  of  the  marine  engineer. 

Two  objections  to  the  use  of  such  boilers  on  board  ship  have 
hitherto  existed :  first,  it  is  supposed  they  must  be  deficient  in  steam 
room,  and  therefore  very  liable  to  prime ;  and  secondly,  there  is 
difficulty  in  keeping  clean,  and  liability  to  become  salted  up. 

The  first  objection  is  entirely  one  of  construction,  and  need  not 
exist.  The  boiler  may  be  made  with  ample  steam  room  by  the 
addition  of  a  steam  dome,  or  by  making  the  fire-box  casing  higher 
than  the  barrel  of  the  boiler,  as  shown  at  D  in  Fig.  40,  Plate  71, 
so  as  to  be  of  sufficient  capacity,  without  increasing  the  weight  of 
water.  The  second  objection  can  be  met,  and  is  now  met  in  most 
services,  by  the  increased  care  now  taken  by  all  engineers  of  their 
boilers,  both  in  working  and  when  in  port.  The  construction  of 
the  boiler  need  not  be  such  as  to  make  it  any  less  accessible  than 
the  present  marine  boiler;  and  there  is  no  reason  why  the  water 
need  be  worse  than  that  used  for  locomotives  on  land.  As  a  rule 
it  is  much  better,  when  surface  condensers  are  attended  to.  The 
principal  difficulty  is  the  "  human  factor  ;  "  and  it  must  be  admitted 
that  marine  engineers  are  much  better  educated  and  more  intelligent 
now  than  ten  years  ago,  and  are  becoming  more  and  more  so.  It  is 
also  to  be  considered  that,  should  their  responsibility  be  increased, 
they  are  the  more  likely  to  become  fitted  for  it. 

Great  advantages  are  to  be  gained  by  the  introduction  of  a  better 
form  of  boiler  combined  with  forced  draught,  and  the  locomotive 
form  is  that  presenting  the  fewest  objections. 

In  referring  to  the  examples  given  in  Table  I.,  it  was  shown  that 
the  saving  in  fuel  actually  effected  is  equal  to  that  calculated  to  be  due 
to  the  use  of  higher  working  pressures.  This  indicates  that  further 
progress  lies  in  the  same  direction ;  although  the  future  saving  may 
be  fractional,  and  cannot  possibly  equal  past  results  for  the  same 
increments  of  pressure.    Table  IV.  opposite  shows  as  follows : — 
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1st.  The  quantity  of  steam  and  coal  used  at  pressures  varying 
from  four  to  eleven  atmospheres,  assuming  the  ratio  of  expansion 
to  be  varied  so  as  to  produce  the  same  terminal  and  back  pressure ; 

2nd.  The  same,  assuming  six  expansions  and  the  same  back 
pressure  ; 

3rd.  The  same,  assuming  eight  expansions  and  the  same  back 
pressure. 

The  total  working  pressure  of  to-day  may  be  accepted  as  105  lbs., 
or  equal  to  seven  atmospheres.  If  it  were  boldly  accepted  that 
eleven  atmospheres,  or  165  lbs.,  should  be  the  standard  wrorking 
pressure,  the  best  result,  with  twelve  exjiansions,  would  be  a  saving  in 
fuel  of  14  '55  per  cent.,  provided  no  counteracting  influence  came  into 
play.  Of  course,  there  are  forces  which  war  against  the  attainment  of 
this  advantage  to  its  full  extent,  viz.,  the  greater  condensation  in  the 
cylinders  and  loss  in  the  receiver  or  passages. 

In  regard  to  condensation  in  the  cylinders,  it  may  be  questioned 
whether  by  steam-jacketing  the  high-pressure  cylinder,  correctly 
proportioning  the  steam  passages,  and  giving  a  due  amount  of 
compression  in  both  cylinders,  this  may  not  be  reduced  far  below 
the  generally  received  notion ;  and  the  loss  in  the  receiver  and 
passages  may  be  considerably  reduced  in  its  effect  by  a  more  carefully 
chosen  cylinder  ratio.  The  ratio  usually  adopted,  between  3-5  and 
4  to  1,  whether  the  pressure  be  70  or  90  lbs.,  may  well  be  questioned, 
in  view  of  the  results  shown  in  the  case  of  Nos.  6,  15,  and  17  in 
Table  I.  (p.  452).  There,  with  a  cylinder  ratio  of  2-95  to  1,  the 
economic  performance  is  very  good,  and  equal  to  any  with  the 
higher  ratio ;  and  it  may  be  added  that  these  three  cases  quoted  are 
amongst  the  most  reliable  and  trustworthy  of  the  list. 

A  lower  cylinder  ratio  has  another  advantage  of  considerable  value, 
viz.,  that  the  working  pressure  can  be  much  reduced  as  the  boilers  get 
older,  while  by  giving  a  greater  amount  of  steam  the  power  may  be 
maintained — at  an  extra  cost  of  steam,  of  course,  but  not  so  great  a 
cost  as  with  higher  ratios.  This  fact  was  mentioned  by  Mr.  McFarlane 
Gray  in  the  discussion  on  Sir  Frederick  Bramwell's  paper  in  1872. 

The  starting  has  usually  fixed  the  cut-off  in  the  high-pressure 
cylinder  at  about  0  •  6  of  the  stroke,  and  the  ratio  of  expansion  has 


August  1881.  the  marine  engine.  473 

decided  the  ratio  of  cylinders.  The  use  of  separate  starting  valves  in 
both  cylinders  obviates  that  necessity.  The  difficulties  in  the  way 
of  taking  advantage  of  the  higher  economic  properties  of  pressures 
above  those  hitherto  used  on  board  ship,  are,  it  is  submitted,  not 
insuperable,  and  it  would  be  to  the  interest  of  all  that  they  should  be 
firmly  and  determinedly  met. 

The  quantity  of  steam  used  in  the  compound  receiver  engine 
and  Woolf  engine,  respectively,  are  stated  by  Mr.  D.  K.  Clark  in  his 
Manual  of  Rules,  Tables,  and  Data  to  be — 

Receiver  Engine  IS  to  20  lbs.  per  I.H.P.  per  hour. 
Woolf  Engine       20  to  21  lbs.  per  I.H.P.  per  hour. 

It  is  a  remarkable  coincidence  that  the  long-voyage  results,  given 
in  Table  I.,  exactly  confirm  Mr.  Clark's  figures.  It  may  therefore 
be  accepted  as  an  average  result  that  the  Woolf  engine,  as  usually 
arranged,  will  use  10  per  cent,  more  steam  than  the  receiver  engine 
for  the  same  power.  For  the  three-cylinder  receiver  type  the  data  are 
insufficient  to  form  a  definite  opinion  upon ;  but  so  far  the  general 
working  of  the  Arizona  is  stated  to  be  as  good,  economically,  as  in 
any  of  the  two-cylinder  receiver  class. 

.  It  is  only  right  to  mention  here  that  the  results  referred  to  are 
very  seriously  affected  by  the  condition  of  the  valves  and  gear  at  the 
time ;  and  still  more  by  the  setting  of  the  valves,  and  the  relations 
of  the  admission,  port-opening,  release,  and  compression,  to  the 
movements  of  the  piston.  The  efficiency  of  an  engine  may  be  reduced 
enormously  by  carelessness  in  this  respect,  and  when  efficiency  is  of 
such  vital  importance,  these  matters  of  detail  cannot  be  too  strongly 
urged  upon  steam-ship  owners.  It  is  not  too  much  to  say  that  nine- 
tenths  of  the  engineers  in  charge  of  engines  know  nothing  of  the 
condition  of  their  valves,  and  it  is  not  till  some  serious  waste  or 
mishap  occurs  that  they  are  thought  of.* 

*  The  subject  of  valve  motions  was  so  fully  discussed  at  the  Barrow  meeting 
•(Proceedings  1880,  pp.  41S-454)  that  it  is  unnecessary  to  go  over  the  ground  again. 
Those  members  who  are  interested  may  see  a  model  and  photographs  exhibiting  the 
application  of  that  modification  of  the  Hackworth  motion  adopted  by  the  writer. 
It  is  now  at  work  in  thirty-two  sets  of  engines,  and  is  being  fitted  to  as  many  more 
by  his  own  and  other  firms.     It  is  working  very  satisfactorily  in  every  instance. 

2  p 
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The  Surface  Condenser  remains  as  it  was  ten  years  ago,  with 
scarcely  a  detail  altered.  In  most  engines  it  remains  a  portion  of  the 
framing,  and  as  such  adds  greatly  to  the  weight  of  the  engine.  It  is  a 
question  seriously  worth  consideration  whether  or  no  the  area  of  tube- 
Burface  can  be  reduced.  The  practice  at  present  is  to  make  the 
condensing  surface  one-half  the  heating  surface  as  a  minimum,  that 
is,  equal  to  about  2  sq.  ft.  per  I.H.P.  In  practice,  the  writer  has  found 
1*4  sq.  ft.  per  I.H.P.  to  maintain  a  steady  vacuum  of  27-|  in.  The 
only  experiments  on  this  subject  of  a  practical  and  accurate  character 
are  those  conducted  by  Mr.  B.  G.  Nichol,  of  Newcastle,  an  account  of 
which  appeared  in  "  Engineering  "  of  10th  December,  1875.  It  was 
found  that,  when  the  water  flowed  through  horizontal  brass  tubes  with 
a  velocity  of  78  ft.  per  minute,  1  sq.  ft.  was  quite  sufficient  to  transfer 
533  units  of  heat  per  hour  from  the  vapour  of  the  condenser  to  the 
water,  for  each  degree  Fahr.  of  effective  difference  of  temperature. 
Now  in  general  we  only  have  200  units  transferred  for  each 
degree  of  effective  difference  ;  so  that,  even  with  water  flowing  through 
at  the  slow  velocity  named,  there  is  a  large  margin  for  the  dirt 
frequently  found  in  the  tubes  of  condensers.  Then  again,  an  engine 
using  22  lbs.  of  steam  per  I.H.P.  per  hour  must  require  more  surface 
than  one  using  16  lbs. ;  and  if  2  sq.  ft.  per  I.H.P.  be  necessary  for 
22  lbs.,  while,  by  increasing  the  initial  pressure,  the  quantity  of  steam 
can  be  reduced  to  16  lbs.,  we  should  only  require  1  ■  45  sq.  ft.  per  I.H.P. 
to  give  the  same  vacuum,  if  the  condensing  water  remained  the  same. 

The  method  generally  in  use,  of  passing  the  water  through  the 
inside  of  the  tubes,  is  much  more  efficacious  than  passing  the  exhaust 
through  them,  as  is  sometimes  done  in  H.M.  Navy.  The  circulation 
is  never  so  perfect  in  the  latter  case,  and  much  more  water  is  carried. 
The  ordinary  plan  gives  more  control  over  the  quantity,  and  also 
better  circulation  of  the  water. 

The  air  and  circulating  pumps,  for  engines  of  1500  I.H.P.  and 
under,  are  as  a  rule  worked  entirely  by  levers  attached  to  the  low- 
pressure  connecting-rod  cross-head.  They  thus  help  to  balance  the 
piston  and  rods  of  that  cylinder.  The  circulating  pump  is  made  single 
or  double  acting ;  the  single-acting  has  the  advantage  of  adding  to 
the  balancing  of  the  weights,  and  offers  no  obstruction  to  the  flow  of 
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water ;  the  double-acting  has  tlie  effect  of  checking  the  column  at 
each  stroke,  and  is  not  so  easy  in  working. 

The  Gwynne  centrifugal  pump  is  extensively  used  for  circulating 
and  bilge  purposes,  and  is  a  very  valuable  auxiliary  to  the  main  engine 
pumps. 

The  extended  use  of  steel  offers  great  advantages  in  the  reducing 
of  weights,  and  especially  in  the  form  of  hollow  shafts,  such  as  are  now 
being  manufactured  by  Sir  Joseph  Whitworth  and  Co.  On  this  system, 
in  a  10-inch  shaft,  a  hole  is  run  4  in.  in  diameter,  reducing  its  weight 
16  per  cent.,  while  its  strength  is  only  reduced  2-56  per  cent.  ;  or,  if 
the  hole  were  increased  to  5  in.,  the  weight  would  be  reduced  25  per 
cent,  and  the  strength  only  4  ■  25  per  cent. ;  and  it  is  a  question  whether 
the  weight  could  not  be  further  reduced  by  giving  a  lower  nominal 
margin  of  safety,  which  it  would  seem  might  be  done  on  account  of 
the  greater  elasticity  of  form,  as  well  as  elasticity  and  homogeneity 
of  material.  The  surface  presented  by  a  steel  shaft  to  the  bearings  is 
also — it  is  not  too  much  to  say — almost  infinitely  more  perfect  than 
by  the  forged  iron  shaft,  with  its  reeds,  open  texture,  and  iron  cinder, 
from  which  marine  engineers  suffer  so  much.  The  friction  must 
therefore  be  greatly  reduced. 

The  writer  has  just  completed  six  pairs  of  engines  for  three  twin- 
screw  ships,  having  steel  shafts  of  10  inches  diameter,  and  has  in 
each  case  run  the  engines  at  120  revolutions  per  minute,  while 
indicating  1380  H.P.  from  each  pah-,  for  ten  to  fifteen  hours  without 
stopping;  and  in  no  case  has  a  single  bearing  or  crank-pin  warmed  or 
had  water  applied,  the  surfaces  on  examination  being  perfect. 

In  these  engines  all  working  bolts,  pins,  and  rods,  except  the 
piston-rods  and  connecting-rods,  are  of  steel,  all  rods  in  tension  being 
loaded  to  8000  lbs.  per  sq.  in.  The  boilers  are  of  the  Navy  type, 
made  throughout  of  Siemens-Martin  steel  plates,  riveted  with  steel 
rivets,  all  holes  drilled.  The  furnaces  are  welded  and  flanged ;  the 
tubes  are  of  brass.  In  comparison  with  an  ordinary  merchant  steamer's 
iron  boilers  of  the  double-ended  type,  their  weight,  including  water 
and  all  a}">purtenances,  and  their  other  particulars,  are  as  fullows  : — 

Naw  Type. 

146 

2760 
Forced. 

2   l>  2 


"Weight,  tons 

Double-ended  Type. 
135 

I.H.P. 

1400 

Draught 

Natural 
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The  use  of  steel  castings  is  becoming  considerable  :  they  give 
great  strength,  but  unfortunately  the  still  persistent  presence  of 
blow-holes  prevents  their  strength,  and  their  wearing  to  a  polished 
surface,  being  relied  on  to  the  extent  that  could  be  wished. 

For  our  large  steamers  steel-built  crank-shafts  must  come  more 
and  more  into  use.  The  constant  failure  of  iron  cranks,  even  when 
built  up,  is  too  serious  a  question  for  the  shipowner  to  let  alone  long. 
It  is  important  to  note  Mr.  Holt's  remarks  on  his  return  to  the  old- 
fashioned  mill-engine  form  of  crank,  Figs.  33  and  34,  Plate  70. 
The  single  bearing  of  great  length  on  the  end  of  a  long  length  of 
screw-shafting — the  crank-pin  with  small  surface  velocity — the  simple 
crank,  made,  as  it  can  now  be  made,  to  be  practically  solid  with  the 
shaft — are  all  great  steps  in  the  way  of  simplicity ;  provided  only 
shipowners  care  to  adopt  the  single  engine,  which,  even  if  ten  per 
cent,  more  costly  in  fuel,  has  much  to  commend  it. 

The  cast-steel  propeller  blades,  introduced  by  Messrs.  Vickers,  arc 
being  more  largely  used  ;  the  reduction  in  thickness  enables  them  to 
be  much  more  easily  driven. 

The  screw  propeller  is  still  to  a  great  extent  an  unsolved  problem. 
"We  have  no  definite  rule  by  -which  we  can  fix  the  most  important 
factor  of  the  whole,  namely  the  diameter.  Mr.  Froude  has  pointed 
out  that  by  reducing  the  diameter,  and  thus  the  peripheral  friction, 
we  cau  increase  the  efficiency ;  and  this  is  confirmed  by  the  cases  of 
the  Iris'  screw  reduced  by  2  ft.  3  in.,  and  the  Arizona  s  reduced  by  2  ft. 
This  must  of  course  be  qualified  by  other  considerations.  The  ship 
has  by  her  form  a  definite  resistance,  and  a  certain  speed  is  required ; 
if  the  propeller  be  made  too  small  in  diameter,  the  ship  will  not  be 
driven  at  the  required  speed,  except  at  serious  loss  in  other  directions. 
This  question  is  too  large  and  complicated  to  be  dealt  with  here, 
and  should,  in  the  first  instance,  be  made  the  subject  of  careful  and 
extended  experiment,  on  which  a  separate  paper  should  be  written. 
The  writer's  object  is  to  point  out  the  important  bearing  the  question 
has  upon  the  marine  engine.  We  have  shown  the  importance  of  the 
reduction  of  weight  to  the  shipowner;  the  smaller  the  propeller,  the 
smaller  the  engine  needs  to  be  to  drive  it,  and  therefore  the  less  the 
weight  to  be  carried ;  but  to  produce  the  same  result  in  driving  the 
ship,  the  propeller  will  need  to  be  turned  faster ;  and  the  faster  it 
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can  be  turned,  consistent  with  efficiency  and  small  wear  and  tear, 
the  better.  That  in  our  ordinary  practice  we  are  a  long  way  within 
our  powers,  in  this  latter  respect,  is  proved  by  the  engines  of 
torpedo  vessels  developing  470  I.H.P.,  at  443  rev.  and  88G  ft.  piston 
speed  per  minute ;  the  Iris  developing  3857  I.H.P.,  at  99  rev.  and 
582  ft.  of  a  75-in.  piston  per  minute ;  and  the  recently  constructed 
engines,  before  alluded  to,  giving  out  1400  I.H.P.,  at  124  rev.  and 
724  ft.  per  minute  of  a  60-in.  piston.  To  do  this  however  the  working 
parts  must  be  carefully  balanced — a  matter  very  much  neglected, 
but  neglect  of  which  leads  to  great  wear  and  tear  in  shafts,  crank- 
inns,  &c.  Such  effects,  not  being  considered  sufficiently  in  the 
first  instance,  are  urged  against  the  adoption  of  higher  velocities, 
not  specially  in  the  piston,  but,  what  is  far  more  important,  in  the 
speed  of  revolution ;  which,  as  experience  is  showing  us,  may  be 
vastly  increased  to  the  advantage  of  all,  and  specially  of  the 
shipowner,  whose  interests  it  is  the  first  interest  of  marine  engineers 
to  promote. 

To  sum  up  the  whole.  Progress  has  been  made  during  the  past 
nine  years,  and  in  the  following  particulars. 

1.  The  Power  of  the  Engines  made  and  making  shows  a  great 
increase. 

2.  Speeds  previously  unattainable  are  now  seen  to  be  possible  in 
vessels  of  all  the  various  classes. 

3.  The  Consumjition  of  Fuel  is  reduced  by  13-38  per  cent,  on  the 
average  ;  and  numbers  of  vessels  are  now  working  on  much  less  coal 
than  that  average,  while  the  quality  of  the  coal  is  in  nearly  all  cases 
very  inferior,  so  that  it  is  not  unfair  to  take  credit  for  20  per  cent, 
reduction. 

4.  The  Working  Pressures  of  Steam  are  much  increased  on  the 
average,  and  are  still  increasing ;  many  steamers  now  being  built  for 
120  lbs.  per  sq.  in.,  while  90  lbs.  is  the  standard  pressure  now 
required. 

As  increased  pressure  means  increased  efficiency,  there  docs  not 
appear  any  reason  why  the  standard  of  150  lbs.  should  not  be  sought 
as  that  of  the  future ;  combined  with  the  adoption  of  the  locomotive 
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type  of  boiler  and  forced  draught.  Higher  speeds  of  revolution  appear 
to  bo  desirable,  witb  a  view  to  very  great  reductions  in  weight  of 
machinery  carried.  This  implies  careful  balancing  and  careful 
adjustment  of  all  working  parts,  as  well  as  of  the  steam,  to  the  work 
to  be  done. 

The  more  general  introduction  of  steel  in  all  its  varieties  is 
enabling  the  marine  engineer  to  adopt  means  tending  throughout  to 
lighten  working  parts,  and  to  increase  velocities,  in  a  way  he  dared 
not  attempt  nine  years  ago. 

In  conclusion  the  writer  begs  to  submit  this  paper  to  the 
Institution  as  a  very  imperfect  resume  of  the  progress  and 
development  of  the  marine  engine,  and  only  as  a  sequel  to  tbat  of 
his  distinguished  predecessor.  His  time  has  not  permitted  him  to 
go  fully  into  the  many  questions  arising  out  of  the  subject,  and 
he  asks  that  the  paper  may  be  received  only  as  a  basis  of  discussion 
by  the  Institution,  many  members  of  which  are  much  better  able  to 
deal  with  the  matter  than  he  feels  himself  to  be. 

The  writer  desires  to  tender  his  warmest  thanks  and 
acknowledgments  to  the  numerous  shipowners,  manufacturing 
engineers,  marine  superintendents,  and  others,  who  have  so  freely 
supplied  him  with  valuable  information  for  this  paper,  some  at 
considerable  expense  and  trouble.  He  has  also  pleasure  in 
acknowledging  the  careful  assistance  rendered  by  Mr.  A.  Blechynden, 
M.I.M.E.,  in  the  preparation  of  the  details  and  calculations  of  the 
paper. 
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Discussion  on  The  Marine  Engine. 
Mr.  Marshall  wished  to  make  one  remark  with  reference  to  tke 
consumption  of  coal,  as  shown  in  the  last  column  but  two  in  Table  I. 
(p.  452).  In  the  steamer  No.  39  the  consumption  in  24  hours  was 
put  down  at  137  tons ;  but  with  better  qualities  of  coal,  as  he  was 
informed  in  a  letter  received  that  morning  from  the  superintending 
engineer,  110  tons  would  be  more  correct.  That  confirmed  the  remark 
he  had  made  in  the  paper,  namely  that  13  •  37  per  cent,  saving  in  fuel, 
during  the  last  nine  years,  did  not  fairly  represent  the  money  value, 
or  the  real  progress,  in  the  economy  of  fuel.  In  the  case  mentioned, 
there  was  a  difference  of  27  tons  out  of  137  tons,  due  to  the  quality 
of  coal ;  and  no  doubt  the  same  applied  to  many  others  of  the  cases  in 
Table  I. ;  so  that  he  thought  it  was  perfectly  fair  to  say  the  saving  of 
fuel  had  been  20  per  cent,  during  the  last  nine  years. 

Mr.  A.  C.  Kirk  thought  that  they  were  much  indebted  to  Mr. 
Marshall  for  bringing  before  them  a  fair  resume  of  the  state  of 
marine  engineering  at  the  present  time.  He  had  not  been  able  to 
mark  any  great  step  taken  within  the  last  nine  years  ;  but  that  was 
by  no  means  his  fault,  because  the  fact  was  there  had  been  no  great 
step  whatever  taken  during  that  period.  Engineers  had  gone  on 
gradually  increasing  the  working  pressure ;  and  he  ventured  to  think 
that  with  the  present  compound  engines  it  had  been  increased  quite 
as  far  as  there  was  any  advantage  in  doing  so.  The  pressures  were 
such  that  each  of  the  separate  cylinders  was  now  brought  nearly  to 
the  state  of  the  single  cylinder  in  the  old  engine,  before  it  was 
compounded.  If  full  advantage  were  taken  of  the  present  pressure 
of  steam — say  90  lbs.  or  100  lbs.  per  sq.  in. — and  a  high  grade  of 
expansion  were  used  in  a  two-cylinder  compound  engine,  it  would  be 
found  that  in  one  or  perhaps  in  both  of  the  cylinders  they  were 
doing  too  much  expansion  (three  times  in  any  one  cylinder  being  as 
much  as  ought  to  be  used)  ;  or,  what  was  still  worse,  much  of  the 
expansion  was  got  by  an  inordinate  drop  of  pressure  in  the  receiver. 
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Iii  either  case  the  range  of  temperature  in  each  cylinder  was  getting 
too  great.  About  eight  years  ago,  in  a  ship  fitted  with  Mr.  Rowan's 
boilers,  carrying  a  pressure  of  150  lbs.,  it  had  fallen  to  his  lot  to 
design  cylinders  with  triple  expansion ;  and  the  results,  so  far  as 
the  engines  were  concerned,  had  proved  so  far  satisfactory  that  at 
the  present  moment  his  own  firm  were  doing  the  same  thing  witli 
125  lbs.  pressure  in  ordinary  boilers.  He  could  not  at  present  say 
anything  as  to  the  success  of  this  attempt,  but  the  previous  case 
had  been  very  successful. 

As  to  the  consumption  of  coal,  Mr.  Marshall's  figures  pretty 
fairly  represented  the  average  saving  in  consumption  during  the  last 
nine  years  :  certainly  the  consumption  wras  not  more  than  was  shown 
in  Table  I.  (p.  452).  He  was  not  prepared  to  credit  anything  to  the 
use  of  inferior  coal,  because  he  found  that  the  long-voyage  ocean 
steamers,  in  which  the  consumption  of  coal  was  best  tested,  always 
used  good  Welsh  coal.  He  should  not  himself  put  the  improvement 
at  more  than  a  reduction  from  the  previous  consumption  of  2  lbs.  of 
coal  per  indicated  horse  power  per  hour  to  a  present  consumption  of 
1'8  lb.;  and  considering  that  the  pressure  had  been  increased  from 
60  up  to  90  lbs.,  he  did  not  think  the  economy  in  coal  had  kept  pace 
with  the  increase  in  the  weight  and  cost  of  the  engines. 

The  Woolf  engine  had  been  spoken  of  in  the  paper  (p.  453)  in  a 
way  that  might  be  slightly  confusing.  When  Messrs.  Eandolph  Elder 
&  Co.  introduced  their  first  compound  engines,  those  had  been  what 
were  properly  called  Woolf  engines.  The  expansion  was  first  carried 
on  in  the  high-pressure  cylinder  as  far  as  was  desirable,  and  then 
in  the  return  stroke  the  expansion  was  continued  simultaneously  in 
both  the  high-pressure  and  the  low-pressure  cylinder  down  to  the 
point  of  suppression.  In  that  engine  the  temperature  of  the  high- 
pressure  cylinder  varied  through  the  full  range  that  would  occur  in 
an  old-fashioned  single  engine,  except  the  drop  in  temperature  from 
that  of  suppression  to  that  of  the  condenser.  While  this  type  was  in 
use,  the  compound  marine  engine  made  but  little  progress.  The 
results  were  no  doubt  better  than  in  the  ordinary  engine,  but  they 
were  not  what  they  should  be.  He  believed  it  was  due  to  the 
President,  Mr.  Cowper,  that  the  receiver  type  of  engine  had  been 
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introduced,  and  brought  prominently  before  the  public.*  By  that 
means  the  range  of  temperature  in  the  high-pressure  cylinder  was 
materially  reduced.  He  wished  to  draw  attention  to  that  point, 
because  Mr.  Marshall's  idea  of  a  Woolf  engine  appeared  to  be 
rather  that  of  an  engine  in  which  the  two  pistons  necessarily  moved 
simultaneously  in  the  same  direction,  or,  as  in  Mr.  Elder's  engines, 
in  opposite  directions.  But  the  engines  shown  in  Plate  58  were  not 
Woolf  engines  in  the  proper  sense  of  the  word.  They  were  really 
two  receiver  engines,  with  the  two  pistons  working  simultaneously 
in  the  same  direction.  If  they  were  made  real  Woolf  engines,  there 
would  in  that  case  be  such  an  enormous  clearance  between  the 
cylinders  that  there  would  be  a  serious  loss  of  effect. 

The  paper  stated  (p.  453)  that  a  tandem  engine  might  be  multiplied 
indefinitely  in  a  ship.  But  any  other  kind  of  engine  might  also 
be  multiplied  indefinitely  :  he  failed  to  see  that  that  was  an 
advantage  belonging  to  the  tandem  engine  alone.  He  wished  also 
to  correct  one  slight  error  in  the  paper  :  it  was  not  Mr.  David 
Rowan,  but  Mr.  John  M.  Rowan,  who  had  introduced  the  type  of 
three-cylinder  engine  mentioned  on  page  453  and  shown  in  Plate  59. 
One  important  point  to  which  the  paper  had  referred  was  the 
question  of  reducing  the  weight  of  engines.  The  engines  of  the 
Nelson,  shown  in  Plate  66,  had  been  designed  by  himself  for  the 
Admiralty,  and  the  weight  had  been  a  matter  of  vast  importance  ;  but 
he  had  never  had  an  opportunity  of  introducing  the  same  design 
in  the  Merchant  Service,  and  he  should  think  twice  before  he 
seriously  propounded  the  idea  to  a  shipowner.  It  was  a  very 
expensive  form  of  engine.  True  it  saved  weight ;  but  it  was 
not  in  every  ship  that  the  saving  of  weight  was  of  value.  There 
was  a  very  large  class  of  ships  of  which  the  freight-earning  power 
depended  upon  how  much  bulk  they  could  contain  in  measurement, 

*  The  following  note  has  been  supplied  by  the  President.  "About  183S 
a  small  steamboat,  the  Era,  had  a  high  and  a  low-pressure  cylinder,  with  a  pipe 
connecting  them,  and  cranks  at  light  angles;  in  1S57  a  pair  of  60  horse-power 
engines  with  high  and  low-pressure  cylinders  had  a  steam-jacketed  receiver 
added  to  them  by  E.  A.  Cowper;  in  1SG2  he  improved  the  receiver,  and  in  1SG4 
he  read  a  paper  on  Compound  Engines  at  the  Institution  of  Naval  Architects." 
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not  how  much  dead  weight  they  could  carry  ;  and  even  the  owners 
of  ships  in  which  the  freight  depended  simply  upon  dead  weight 
would  think  twice  before  paying  anything  extra  for  the  engines. 
Ho  had  always  found  light  engines  expensive.  Their  costly 
workmanship  and  large  amount  of  high-class  material  cost  moro 
than  less  costly  workmanship  and  a  larger  quantity  of  lowei-class 
material.  There  was  another  engine,  shown  in  Plate  67,  with 
wrought-iron  frames  and  diagonals,  but  stiffened  fore  and  aft  instead 
of  athwartship  ;  this  however  was  for  a  torpedo  boat,  in  which  the 
transverse  strains  were  taken  by  the  hull. 

He  might  be  permitted  to  point  out  that  the  three-cylinder 
compound  engine  was  rather  older  than  Mr.  Marshall  seemed  to  be 
aware.  His  own  impression  was  that  he  had  first  seen  it  in  France  ; 
at  all  events  the  first  examples  of  that  particular  type,  Plate  60,  but 
fitted  with  piston-valves,  had  been  made  for  the  Iberia  and  the  Lujuria 
about  1875.  But  the  late  Mr.  Elder  had  made  for  H.M.S.  Constance 
a  three-cylinder  compound  Woolf  engine  about  the  year  1858  or 
1859.  There  were  two  sorts  of  three-cylinder  compound  engines, 
as  there  were  of  two-cylinder  engines  ;  but  Mr.  Elder's  was  a  Woolf 
engine,  having  continuous  expansion  in  the  high-pressure  cylinder. 

He  would  now  make  a  few  remarks  on  the  subject  of  boilers. 
Unquestionably  the  type  of  marine  boiler  was  practically  fixed  for 
the  present.  It  was  a  very  good  boiler  ;  and  with  the  restrictions 
due  to  the  somewhat  paternal  way  in  which  marine  boilers  were 
treated,  he  thought  it  would  be  some  time  before  that  type  was 
departed  from.  It  certainly  would  not  be  seriously  departed  from 
unless  by  some  one  who  had  great  patience,  and  was  prepared  to 
spend  a  great  deal  of  money.  The  locomotive  type  of  boiler  was 
however  worthy  of  the  attention  that  Mr.  Marshall  had  given  to  it. 
It  might  seem  singular,  but  no  shipbuilder  would  be  allowed  to  take 
a  locomotive  engine  from  a  railway  station  and  put  it  on  board  a  ship 
to  work  at  the  same  pressure.  It  was  considered  safe  enough  on  land 
among  thousands  of  people,  but  it  was  thought  it  would  not  do 
at  sea. 

Whether  a  forced  blast  was  to  become  a  feature  of  the  future 
boiler  for  ships  going  long  voyages — to  Australia  for  example — he 
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was  not  prepared  to  say ;  but  there  was  a  class  of  steamers  going 
short  voyages,  of  very  high  speed  and  limited  draught  of  water,  where 
weight  must  be  kept  down ;  and  there  the  forced  blast  continuously 
applied  was  not  only  admissible,  but,  he  ventured  to  say,  was  the 
only  rational  solution  of  the  problem. 

As  to  the  remark,  p.  474,  about  the  two  different  classes  of 
condensers,  one  condensing  inside  the  tubes  and  the  other  outside,  in 
his  opinion  it  was  simply  a  question  of  the  circulation  of  the  water. 
The  one  condenser  was  as  efficient  as  the  other,  if  the  circulation 
were  made  alike.  Where  the  water  was  inside  the  tubes,  it  happened 
to  be  perfectly  easy  to  secure  good  circulation ;  but  the  other 
condenser  could  be  made  equally  good  by  putting  in  two  or  three 
diaphragms  or  baffle-plates  to  direct  the  water  across  the  tubes. 

Attention  had  been  drawn  (p.  475)  to  steel  castings,  in  regard  to 
their  saving  of  weight.  In  the  present  engines  that  his  own  firm 
was  building  for  the  Admiralty,  and  indeed  in  a  previous  set, 
cast-steel  pistons  had  been  used.  In  order  to  test  them,  they  were 
bolted  together  in  pairs  by  the  centre,  with  an  india-rubber  joint 
round  the  circumference,  but  no  bolts  to  connect  them  there ;  and 
water  was  pumped  into  the  space  between  them.  They  were  thus 
tested  at  90  lbs.  per  sq.  in.,  and  at  that  pressure  there  was  no 
appreciable  deflection  whatever.  They  gave  no  trouble  with  blow- 
holes in  the  castings;  there  were  one  or  two  blow-holes,  but  they 
were  quite  insignificant.  He  had  also  used  other  castings  in  steel — 
large  eccentrics  and  so  on.  The  question  was  one  well  worthy  the 
attention  of  marine  engineers.  Levers,  for  instance,  might  be  made 
of  cast  steel,  saving  in  many  cases  all  the  trouble  of  using  plant  for 
forging  and  machining  them,  where  it  was  not  necessary  to  give  any 
high  finish. 

He  thought  there  was  some  confusion  in  regard  to  one  statement 
in  the  paper,  p.  476  :  "  the  smaller  the^  propeller,  the  smaller  the 
engine  needs  to  be  to  drive  it,  and  therefore  the  less  the  weight  to 
be  carried."  But  in  the  Iris  the  propeller  was  reduced,  keeping 
the  same  engine,  and  a  higher  speed  was  obtained  with  the  smaller 
propeller  than  with  the  larger  one.  He  failed  to  see  that  there  was 
any  connection  between   the    size  of  the  propeller  and  the  size    of 
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the  engine.  A  small  propeller  had  naturally  a  greater  pitch  given 
to  it,  when  intended  to  be  driven  at  the  same  number  of  revolutions 
per  minute  and  to  produce  the  same  speed  of  vessel  as  a  larger 
propeller  ;  but  the  reduction  in  its  diameter  was  made  with  a  view  to 
reduce  its  friction  in  the  water,  and  need  not  involve  reducing  the 
size  of  the  engine. 

Mr.  George  Crow  had  had  many  years'  experience  in  building 
single-crank  tandem  engines  of  the  class  shown  in  Plates  55  and  5G. 
The  paper  alluded  to  the  difficulty  of  handling  these  engines  in  starting 
and  stopping  (p.  453).  He  himself  generally  went  to  sea  with  the 
engines  during  their  trial  trips ;  in  all  cases  he  had  seen  his  engines 
tried,  and  he  could  state  that  there  was  no  difficulty  in  starting. 
There  had  been  some  difficulty  previous  to  the  introduction  of  good 
steam  reversing  gear  ;  but  now  the  man  in  charge,  if  a  skilful  engineer, 
could  work  the  engines  a  half  stroke  or  any  portion  of  a  revolution, 
and  never  allow  them  to  get  on  the  centre,  thus  working  them  like  a 
pumping  engine.  It  was  true  there  was  what  was  called  a  steam 
turning  engine,  for  the  purpose  of  overhauling  the  engines  in  port, 
and  for  warming  through  before  putting  the  main  engines  under  way ; 
but  he  did  not  think  he  had  ever  seen  it  used  for  the  purpose  of 
pulling  the  main  engines  off  the  centre,  since  the  application  of  steam 
reversing  gear. 

The  paper  stated,  p.  473,  that  "  the  Woolf  engine,  as  usually 
arranged,  will  use  10  per  cent,  more  steam  than  the  receiver  engine 
for  the  same  power."  He  was  at  a  loss  to  understand  how  that 
could  be.  In  the  Woolf  engine  the  steam  exhausted  direct  from  the 
high-pressure  down  to  the  low-pressure  cylinder,  with  no  chamber 
between  the  two  ;  consequently  there  was  less  surface  for  condensation, 
both  externally  and  internally.  He  therefore  thought  it  would  be 
difficult  for  any  one  to  prove  that  two  cylinders  side  by  side,  with  a 
receiver  between,  could  be  more  economical  in  fuel.  If  true,  it 
could  not  result  from  the  arrangement  of  the  engine,  but  from  some 
other  cause.  The  last  engine  he  had  made  of  the  class  referred  to 
was  for  the  screw  steamer  Vega,  sailing  to  Calcutta  for  Messrs. 
Rathbone,  Liverpool,  carrying  a  dead-weight   cargo  of  fully  3,500 
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tons,  and  of  1,600  I.H.P. ;   and   she  averaged  for   the   entire   run 
1H  knots  per  hour,  consuming  If  lb.  of  coal  per  I.H.P.  per  hour. 

Mr.  John  Kogerson  was  very  glad  Mr.   Marshall    had  brought 
forward  his  paper,  as  he  had   taken  the  opportunity  of  consulting 
that  gentleman,  for  the  last  twenty  years  and  more,  on  the  building 
of  engines   and  boilers.     He  thought  it  was  only  fair  to  refer  to 
one  point  mentioned  in  the  paper  in  relation  to  the  Perkins  boiler, 
p.  458 :  "  It  must  be  admitted  that  the  tubulous  system  has  not  been 
a  success."     Now  the  Perkins  system  had  as  yet  been  tried  to  a  very 
limited  extent  only.     In  the  case  of  the  Emily,  Mr.  Perkins  stated 
that  it  had  been  a  success  ;  and  the  Anthracite,  built  upon  the  Tyne 
— a  small  boat  60  ft.  long — had  gone  to  London  and  then  across  to 
America  and  back,  with  a  very  small  consumption  of  fuel ;  and  he 
believed  she  had  given  every  satisfaction  to  the  builders.     But  he 
wished   particularly  to  refer  to  the  Loftus  Perkins,  which  had  been 
built  and  run  by  the  Tyne  General  Ferry  Co.,  as  a  passenger  steamer 
on  the  Tyne.     The  safety-valves  were  loaded  to  450  lbs.  per  sq.  in., 
and  the  boiler  tested  to  2000  lbs.  per  sq.  in.      The  engines  had  three 
cylinders,  one  high-pressure  10  in.  diameter,  one  medium  14  in.,  and 
one  low-pressure  28  in. ;  the  length  of  stroke  was  18  in.,  and  the 
power   125   I.H.P.     The  fuel  was  gas  coke ;  and  the  consumption 
under  trial  in  a  day's  work  of  thirteen  hours  was  25  cwt.,  or  1  •  72  lb. 
per  I.H.P.  per  hour.     The  vessel  had  rim  with  passengers  ninety-one 
days,  making  in  all  5,582  miles,  in  addition  to  a  great  number  of 
trial  trips.     After  this  period,  during  six  months  of  which  a  Board 
of  Trade  certificate  for  passengers  had  been  held,  the  boiler  tubes 
were  drilled  for  the  surveyors  to  examine,  and  proved  perfectly  clean 
and  free  from  scale.     The  consumption  of  second-class  steam  coals  in 
other  boats  doing  the  same  work,  with  ordinary  oscillating  engines, 
was  3  •  09  lbs.  per  I.H.P.  per  hour,  or  45  cwt.  per  day,  costing  13s.  6d., 
as  against  6s.  '3d.  for  the  Loftus  Perkins  :  showing  a  saving  in  favour 
of  the  latter  of  44  per  cent,  in  weight  of  fuel,  and  54  per  cent,  in 
cost  of  fuel.     There  was    a    defect   in    the    engines,  but  it  was    a 
mechanical  defect,  arising  from  the  boat  being  very  limited  in  size, 
and  did  not  affect  the  system.      He  believed  a  boat  on  this  system 


48G  THE    MAK1NI'    ENGINE.  AUGUST  1881. 

was  now  running  between  Greenock  and  Belfast,  and  was  proving 
that  tho  system  was  one  of  tlic  most  economical  in  regard  to 
the  consumption  of  fuel. 

In  reference  to  the  use  of  steel  castings,  the  complaint  made  as  to 
blow-holes  might  be  sometimes  well  founded ;  but  it  was  not  so  in  all 
cases.  Steel  castings,  such  as  Attwood's  castings,  as  now  made  in 
the  district  of  Newcastle,  were  perfectly  solid,  and  no  blow-holes 
could  be  seen  in  them. 

Sir  F.  J.  Bramwell  said  there  was  one  question  that  lay  at  the 
root  of  the  matter  of  fuel  consumption,  both  as  stated  in  the  paper 
and  as  presented  by  himself  at  the  meeting  of  the  Institution  in 
Liverpool  in  1872  ;  namely,  how  was  the  gross  indicated  horse- 
power ascertained  ?  in  other  words,  what  was  the  divisor  used  for  the 
coal  consumed  ?  He  thought  this  really  ought  to  be  known  in  each 
case  ;  because,  if  the  gross  horse-power  indicated,  say  upon  a  trial 
trip,  were  used  for  the  divisor  of  the  coal  consumed  during  a  voyage, 
results  might  be  arrived  at  which  were  not  accurate.  The  last 
speaker  had  alluded  to  some  of  Mr.  Perkins's  boats.  He  himself 
mi  "lit  perhaps  be  permitted  to  mention  that  in  the  case  of  the  recent 
trial  of  the  Anthracite  (after  her  voyage  to  and  from  America) 
conducted  by  Mr.  W.  E.  Bich  and  himself,  and  in  the  presence  of 
Mr.  Thornycroft,  the  method  pursued  to  obtain  a  trustworthy  result 
was  as  follows.  Indicator  diagrams  were  taken  every  half  hour  until 
they  ceased  to  put  coal  upon  the  fire ;  then  they  were  taken  every 
quarter  of  an  hour ;  and  then,  when  the  engines  fell  off  from  their 
normal  speed,  they  were  taken  every  five  minutes  until  the  engines 
came  to  a  stand.  It  might  interest  the  meeting  to  know  that  Mr. 
Thornycroft,  who  at  this  time  went  into  the  boiler  room  to  see 
how  much  fire  remained  on  the  bars,  found  the  fire-box  in  complete 
darkness,  and  had  to  take  a  light  to  look  for  what  was  left  of  the 
fuel  •  this  was  found  to  be  only  a  few  cinders,  so  cold  that  they  could 
be  carried  in  the  hand.  The  engines  worked  until  the  effective  boiler 
pressure  had  fallen  to  zero,  at  which  time  they  came  to  a  dead 
stand,  having  just  before  been  making  from  28  to  30  revolutions  per 
minute.     The  time  of  running  was  12  hours  and  10  minutes.    Every 
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pound  of  coal  used  in  getting  up  steam  and  consumed  during  the  run  was 
debited  to  the  engine ;  and  the  total  foot-pounds  exerted  in  the  12 
hours  being  known,  a  proper  divisor  and  dividend  were  obtained. 
The  resulting  quotient  was  1  •  79  lb.  per  I.H.P.  per  hour,  including 
the  getting  up  of  steam ;  while,  omitting  the  getting  up  of  steam, 
and  assuming  the  fire  to  have  been  in  the  same  state  at  the  end 
of  7  hours'  work  out  of  the  12  as  it  was  at  the  beginning,  the 
consumption  in  that  time  was  1*66  lb.  per  I.H.P.  per  hour. 

He  wished  to  refer  to  one  other  matter  in  that  boat,  namely 
the  condenser,  which  he  considered  to  be  of  an  extremely  good 
construction.  The  arrangement  was  that  of  vertical  close-topped 
tubes,  having  open-ended  tubes  within  them.  The  close-topped  tubes 
terminated  at  their  bottom  ends  in  one  tube-plate,  and  the  open- 
ended  tubes  in  another.  The  condensing  water  went  up  through 
the  open-ended  tubes  and  then  came  down  through  the  annular  space 
between  the  two  tubes,  and  all  difficulties  of  expansion  were  got 
over.  A  steady  vacuum  was  maintained  of  28j  to  29  inches  of 
mercury  the  whole  time. 

There  was  one  other  point  to  be  referred  to,  namely  that  of 
the  forced  draught  now  being  adopted.  He  had  previously  stated 
to  the  Institution  that  he  had  seen  used  in  America  in  1853, 
in  paddle  steamers  burning  anthracite  coal,  a  system  of  forced 
draught,  with  the  stoke-hold  under  pressure.  He  did  not  think  there 
could  be  any  practical  objection  to  it ;  on  the  contrary,  he  should 
think  the  men  in  the  stoke-hold  would  be  glad  of  anything  that 
would  ensure  to  them  sufficient  ventilation. 

Mr.  W.  Parker  said  he  agreed  generally  with  what  Mr.  Marshall 
had  laid  before  them  in  his  valuable  paper,  so  far  as  the  reduction  of 
consumption  was  concerned.  As  regarded  the  reduction  of  50  per 
cent,  referred  to  by  Mr.  Marshall,  and  also  mentioned  in  the 
discussion  upon  Sir  F.  Bramwell's  paper  in  1872  as  having  been 
obtained  in  the  preceding  nine  years,  he  thought  it  would  be  freely 
acknowledged  to  have  been  due  to  the  general  adoption  of  the 
surface  condenser  and  the  compound  engine.  A  similar  reduction 
could  not  be   expected  in  the  following  nine  years  ;   still,   as  Mr. 
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Marshall  had  shown,  a  reduction  had  steadily  gone  on.  The  paper 
stated  the  reduction  at  13-37  per  cent.,  and  this  on  the  assumption 
that  the  pressure  had  reached  only  77  lbs.  This  was  no  doubt  the 
average  pressure  for  the  several  vessels  referred  to  in  Mr.  Marshall's 
paper;  but  for  boilers  now  being  built  he  ventured  to  say  that  77  lbs. 
was  nothing  like  the  average  pressure:  90  lbs.  would  be  very  much 
nearer  the  mark.  In  estimating  the  reduction  of  fuel  consumption 
obtained  during  the  last  nine  years,  it  was  not  only  the  average 
pressure  in  a  number  of  steamers  actually  running  which  should  be 
taken,  but  also  the  maximum  pressure  ;  and  every  one  would  admit 
that  100  lbs.  was  now  becoming  a  common  pressure.  The 
introduction  of  steel  and  of  corrugated  furnaces  had  led  to  an 
increase  of  pressure  equal  to  at  least  33  per  cent.  :  this  had 
taken  place  within  the  last  2h  years,  and  he  ventured  to  think 
that  if,  instead  of  the  average  pressure,  Mr.  Marshall  had  taken  into 
consideration  the  maximum  pressure  given  by  those  improvements, 
the  saving  of  fuel  shown  would  have  been  fully  15  per  cent., 
instead  of  13*37  per  cent.,  as  compared  with  1872.  Instead  of 
considering  that  they  had  got  to  the  end  of  their  tether,  he  thought 
they  could  still  go  somewhat  further  in  this  direction.  It  had  been 
suggested  at  some  of  their  meetings  that  boiler  shells  might  be 
constructed  in  solid  rings.  If  that  could  be  done — and  eminent 
steel-makers  said  it  was  quite  possible — there  would  be  another 
increase  of  pressure  of  25  per  cent. ;  because  the  strength  of  a  boiler 
shell  was  of  course  governed  by  the  strength  of  the  seam,  and  it  was 
impossible  to  obtain,  even  by  double-riveting,  above  75  per  cent,  of 
the  strength  of  the  solid  plate ;  hence  if  the  plate  were  solid,  there 
could  be  at  least  another  25  per  cent,  increase  of  pressure. 

He  rose  however  chiefly  in  consequence  of  a  remark  in  the  paper 
about  the  restrictions  imposed  by  Lloyd's  Eegister,  and  by  the  Board 
of  Trade.  He  hardly  expected  to  hear  that  from  Mr.  Marshall, 
who  he  thought  had  given  them  credit  at  Lloyd's  for  not  trying  to 
obstruct,  but  rather  striving  to  promote  progress.  There  were  certain 
differences  between  the  rules  of  Lloyd's  Register  and  the  rules  of 
the  Board  of  Trade,  which  he  might  explain,  as  they  had  b<-en 
commented  upon  by  several  engineers  in  the  district.     The  strength 
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required  in  a  cylindrical  boiler  shell  had  been  laid  down  by  the 
Board  of  Trade  to  be  six  times  the  working  pressure.  Thus  the 
shell  of  a  boiler  to  work  at  100  lbs.  should  not  burst  at  less  than 
than  600  lbs.  At  the  present  time  engineers  were  testing  the 
material  used  in  these  shells,  so  that  such  a  high  factor  as  6  was 
not  required  to  cover  any  inequality  of  material.  Again,  they  had 
tested  so  many  seams  that  they  knew  from  calculation  the  strength 
of  the  seam  as  compared  with  the  solid  plate ;  so  that  the  factor  of 
safety  of  6  was  not  required  to  cover  any  defect  in  the  construction. 
The  only  other  element  appeared  to  him  to  be  corrosion.  Now 
corrosion,  every  one  would  admit,  was  a  constant  quantity,  whether 
in  a  thick  or  a  thin  plate ;  and  if  a  factor  of  6  was  found  to  be 
quite  sufficient  for  thin  plates,  he  submitted  that  for  thick  plates  it 
was  altogether  too  high.  The  loss  of  i-in.  on  a  f-in.  shell  plate 
would  reduce  the  strength  of  the  structure  one-third,  whilst  the 
same  amount  of  corrosion  on  a  1-in.  plate  would  reduce  it  only 
one-eighth.  Lloyd's  rules  took  cognisance  of  this  difference,  which 
the  rules  of  the  Board  of  Trade  did  not  provide  for. 

Mr.  Marshall  had  referred  to  the  large  steamers  now  being 
constructed.  Just  now  they  were  on  the  eve  of  a  very  great 
experiment.  The  Servia,  the  City  of  Borne,  and  the  Alaska  would 
in  a  few  months  be  racing  across  the  Atlantic ;  the  powers  to  be 
exerted  by  them  were  unprecedented ;  nothing  of  the  kind  had  been 
witnessed  in  the  mercantile  marine ;  and  all  were  looking  forward 
with  great  interest  to  the  results  that  would  be  obtained  by  these 
huge  vessels.  It  would  hardly  be  right  to  criticise  those  vessels 
before  they  began  to  run  ;  but  he  nevertheless  believed  that  if  those 
vessels,  which  were  going  to  transmit  such  enormous  power  through 
a  single  screw,  had  been  made  with  two  screws,  a  better  result 
might  be  obtained. 

Mr.  W.  E.  Bich  said  that  the  author's  valuable  paper  showed 
an  immense  amount  of  labour  in  collecting  and  tabulating  the 
statistics  brought  forward  ;  and  he  had  also  given  them  the 
benefit  of  his  large  experience  in  discussing  the  present  condition 
and  probable  future  development  of  the  marine  engine.     With  regard 
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to  Table  I.  (p.  452)  he  ventured,  with  Sir  Frederick  Bramwell,  to 
doubt  the  extreme  figures  that  were  there  given.     They  would  all 
alike  rejoice  when  they  had  indubitable  evidence  of  a  consumption 
of   only  1  •  5  lb.   of  coal  per   I.H.P.    per   hour,  as  recorded   in  the 
Table,  either  in  marine  or  in  land  engines ;  but  be  feared  that  result 
was   not   nearly  attained   yet.     He  had    of    late  years   tried   many 
experiments  with  land  engines  on  the  compound   principle,  having 
every  provision  about  them  to   ensure  economic  working ;  and  he 
must  say  he  had  failed  to  obtain  a  lower  consumption  than  2  lbs. 
of  coal  per  I.H.P.   per  hour.      This   led  him  to  suspect  that  only 
the  best  engines  ten  years  ago  worked  with  2  ■  1  lbs.,  and  only  the 
best  now  with  1  •  8  lb.       He   should    like   to   know,  as  well  as  the 
coal,  the  weight  of  steam  used  per  I.H.P. ;  then  they  would  be  able  to 
determine  how  much  of  the  improved  economy  of  late  years  was  due 
to  the  modern  compound  engine,  and  how  much  to  the  higher  pressure 
in  the  boiler.     They  could  then  determine  also  the  relative  merits  of 
the  locomotive  and  other  types  of  boiler,   so  far  as   economy  was 
concerned.     Mechanical  questions  must  affect  the  construction  of  a 
boiler,  as  well  as  those  of  economy ;  but  he  believed  the  locomotive 
type  to  be  one  of  the  best  for  obtaining  a  large  weight  of  steam 
per  pound  of  coal  burnt  in  the  fire-box.     They  had  seen  what  had 
been  done  by  portable  engines,  which  had  boilers  of  the  locomotive 
type. 

With  regard  to  the  question  of  mechanical  efficiency,  what  was 
wanted  was  not  only  to  indicate  great  power  in  the  engines,  but  to  get 
as  much  of  that  power  as  possible  upon  the  screw-propeller ;  and  he 
was  afraid  they  were  still  considerably  in  the  dark  as  to  how  much  of 
the  power  developed  in  the  engines  got  through  to  the  screw- 
propeller.  The  late  Mr.  Froude's  marine  dynamometer  had,  he 
believed,  only  been  tried  once.  Having  attended  that  trial  at 
Devonport,  he  believed  it  would  become  a  most  valuable  instrument 
when  there  had  been  a  little  more  experience  in  its  use.  Mr.  Edward 
Froude  had  told  him,  a  few  weeks  ago,  that  he  did  not  consider  the 
statistics  of  the  first  trial  satisfactory  enough  to  be  placed  before 
the  world,  but  he  hoped  to  make  other  trials  with  the  instrument 
soon.     During  the  one  trial  already  made,  the  power  diagram  showed 
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a  succession  of  waves  of  delicately  refined  outline,  one  wave  being 
described  for  eacb  revolution.  The  sbape  of  the  wave  varied  very- 
much  witb  the  ratio  of  expansion ;  and  he  believed  that  such  wave 
outlines  would  tell  a  great  deal  as  to  the  effects  of  vibration  &c. 
upon  tbe  screw-propeller  shaft,  and  as  to  economy  in  the  propulsion 
of  vessels. 

The  President,  in  his  opening  address,  in  speaking  of  some  of 
the  modern  improvements  in  marine  engineering,  had  referred  to 
Mr.  David  Joy's  valve-gear.  Such  types  of  gear  were  certainly 
very  interesting.  He  learnt  that  Mr.  Marshall  had  fitted  thirty 
vessels  with  his  own  gear,  which  were  all  doing  well.  It  was 
certainly  a  step  in  advance  in  marine  engineering  to  see  such  forms 
of  valve-gear  coming  to  the  front ;  and  one  great  advantage  derivable 
from  them  was  the  getting  of  all  the  expansion  desired,  with  a  single 
slide-valve. 

Another  point  of  importance  in  large  engines  was  the  introduction 
of  piston-valves,  which  appeared  to  be  very  much  in  vogue  among 
the  Clyde  shipbuilders ;  if  experience  gave  good  results  with  those 
valves,  he  thought  they  would  come  to  be  much  more  used  than 
they  now  were.  The  high-pressure  steam-valves  in  Mr.  Perkins' 
experimental  steamer  Anthracite  were  peculiar,  being  cast-iron  mitre 
valves,  unbalanced,  and  working  on  cast-iron  seats,  with  a  small  lift 
and  feather  guides.  They  worked  extremely  well,  and  after  going 
to  America  and  back  the  engines  seemed  to  give  excellent  results 
with  them.  One  could  not  hear  them  work,  when  going  at  110 
revolutions  per  minute. 

"With  reference  to  surface  condensers,  he  agreed  with  Mr.  Marshall 
that  even  now  the  surface  might  be  very  much  reduced.  It  was  only 
natural  to  expect  that,  in  proportion  as  engines  used  steam  more 
economically,  condensing  surface  might  be  reduced;  and  even  more 
than  in  direct  proportion,  because  the  steam  would  leave  the 
cylinders  at  a  lower  temperature. 

Mr.  B.  G.  Nichol  thought  the  present  discussion  would  serve  as 
a  landmark  in  the  history  of  the  marine  engine.  So  far  as  he  had 
been  able  to  judge,  there  appeared  to  be  three  distinct  views  before 
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the  meeting.  The  first  was  enunciated  in  the  letter  written  by  Mr. 
Holt,  namely  that  the  compound  engine  would  be  abandoned,  and  a 
return  be  made  either  to  a  simple  pair  of  expansive  engines  or  to  a 
single  engine.  Then  there  was  a  second  view,  which  he  might  call 
the  "  finality "  view,  enunciated  in  the  remarks  of  Mr.  Kirk  :  and 
no  doubt  the  present  compound  engine  was  a  very  perfect  machine. 
The  third  view  was  that  enunciated  in  the  paper,  which  boldly 
launched  out  into  speculation,  and  suggested  the  direction  of  future 
improvement. 

With  regard  to  Mr.  Holt's  view,  he  thought  there  was  much  to  be 
said  in  its  favour.  In  the  first  place  the  engine  was  reduced  to  its 
simplest  form ;  and  a  further  point  might  be  mentioned  in  its  favour, 
namely  the  results  obtained  in  America  with  long-stroke  engines, 
where  the  diameter  was  very  small  in  proportion  to  the  stroke,  and 
consequently  the  clearance  spaces,  and  the  amount  of  surface  exposed 
at  the  ends  of  the  stroke  to  the  condenser,  were  very  small  in 
relation  to  the  steam  admission.  But  the  same  argument  might 
also  be  used  in  favour  of  the  present  compound  engines — that  if 
the  length  of  stroke  were  increased  there  was  no  question  but  that 
a  still  higher  amount  of  efficiency  would  be  attained.  As  to  the 
present  engine,  the  results  in  Table  I.  (p.  452)  were  most  excellent. 
From  the  averages  of  the  figures  quoted,  he  made  out  that  there 
was  an  efficiency  due  to  the  boiler  of  nearly  75  per  cent. ;  whence, 
assuming  the  full  value  of  1  lb.  of  coal  to  be  13 J  lbs.  of  water 
evaporated  from  212°  Fahr.  at  atmospheric  pressure,  the  boiler 
efficiency  would  be  10  •  06  lbs.  of  water  so  evaporated  per  lb.  of  coal ; 
or  8  *  75  lbs.  evaporated  under  the  mean  boiler  pressure  as  given,  of 
77  "4  lbs.  per  sq.  in.  above  atmosphere,  with  feed  water  entering  at 
100°.  Then  8  ■  75  multiplied  by  the  mean  consumption  of  1  ■  828  lb. 
of  coal  gave  nearly  16  lbs.  weight  of  steam  per  I.H.P.  per  hour, 
which  was  certainly  a  very  excellent  result;  and  he  doubted  very 
much  whether  an  engine  could  be  made  to  use  steam  more 
economically  than  that.  He  agreed  with  Mr.  Marshall  however 
that  the  boiler  afforded  ample  room  for  improvement.  He  thought 
the  direction  indicated — working  under  a  pressure  of  air — seemed  to 
point  to  an  unmixed  good,  enabling  the  weight  both  of  the  boiler 
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and  of  the  water  carried  to  be  reduced  greatly.  Seeing  that  Mr. 
Marshall  had  obtained  with  forced  draught  nearly  50  per  cent,  more 
power  than  with  the  natural  draught,  he  thought  it  was  certainly 
worth  a  trial  on  a  large  scale  in  the  mercantile  marine. 

There  was  one  more  point  to  which  he  should  like  to  call 
attention,  as  to  the  coal  used  per  I.H.P.  There  ought  to  be  some 
standard  to  work  to,  which  should  be  taken  as  unity,  and  should 
be  the  result  obtained  under  the  best  conditions;  and  then  what 
was  obtained  in  actual  working  would  be  some  percentage  of  that 
standard.  He  had  been  investigating  for  some  time  the  coal  used 
by  two  or  three  lines  of  steamers,  and  he  had  found  that  when  the 
coal  was  supplied  in  English  ports  the  work  done  and  the  expenditure 
of  coal  practically  agreed.  Using  Atherton's  rule,  namely  the  cube 
of  the  speed  multiplied  into  the  two-thirds  power  of  the  displacement, 
and  divided  by  the  hundredweights  of  coal  per  hour,  a  certain  constant 
was  obtained ;  and  that  constant,  for  a  speed  of  9  knots  an  hour, 
was  practically  correct  at  12,400  for  north-country  coal,  and  at 
13,500  for  Welsh  coal.  But  when  vessels  proceeded  to  the 
Mediterranean,  or  to  the  Indian  ports,  and  there  took  coal  on  board, 
the  constant  often  fell  as  low  as  8,000,  when  worked  out  in  the  same 
way  ;  showing  clearly  that  the  full  weight  was  never  supplied,  unless 
very  great  care  was  taken  to  obtain  what  was  actually  paid  for.  In 
one  instance  the  constant  showed  during  one  voyage  14  per  cent,  short 
weight,  and  the  report  was  sent  to  the  captain  and  engineer  of  the 
steamer.  The  ship  went  on  the  same  voyage  again,  and  instead  of 
having  14  per  cent,  or  160  tons  short  in  a  seven  months'  voyage, 
there  was  less  than  3  per  cent,  unaccounted  for.  That  was  a 
matter  which  ought  to  be  taken  into  consideration,  when  shipowners 
came  to  examine  their  coal  bills. 

Mr.  Samson  Fox  thought  from  what  the  author  had  said, 
p.  468,  that  he  was  rather  in  the  dark  as  to  the  number  of 
corrugated  flues  which  had  been  made.  They  had  now  been  made  to 
the  number  of  3,700,  two-thirds  in  marine  and  one-third  in  land 
boilers,  and  the  number  of  failures  amounted  in  all  to  eight.  One 
steamer  and  two  land  boilers  had  given  out  in  the  flues ;  a  flue  had 
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collapsed  on  account  of  being  red  hot ;  another  on  account  of 
running  very  short  voyages,  and  not  being  sufficiently  washed  out. 
The  oldest  flues  had  been  at  work  about  four  years  ;  therefore  with 
regard  to  the  question  of  endurance  there  was,  he  thought,  sufficient 
evidence.  With  regard  to  the  evaporative  power,  he  could  give  a 
comparison  of  one  or  two  large  steamers,  indicating  between  3,000 
and  4,000  horse-power.  In  the  case  of  two  steamers  built  exactly 
alike,  except  that  one  had  plain  furnaces  and  the  other  corrugated 
furnaces,  the  indication  of  the  former  was  a  little  over  3,500  horse- 
power, and  of  the  latter  just  4,000  horse-power.  In  the  case  of 
another  pair,  the  difference  in  favour  of  the  corrugated  furnace  was 
about  450  horse-power  out  of  3,750.  Then  as  to  economy,  there 
was  a  steamer  which  had  been  running  a  voyage  of  something 
like  12,000  miles  for  about  three  years  :  the  area  of  the  fire-grate 
in  that  set  of  boilers  was  273  sq.  ft.,  and  the  horse-power  indicated 
was  2,677  ;  the  mean  speed  of  the  ship  was  13  ■  1  knots  per  hour, 
and  the  consumption  of  fuel  over  the  whole  of  the  time  was 
1  •  67  lb.  per  I.H.P.  per  hour.  With  regard  to  land  boilers,  a  very 
accurate   test   had   been   made  in   Germany :    a  boiler   30  ft.  long, 

7  ft.  2  in.  diameter,  and  with  a  flue  4  ft.  3  in.  diameter,  with  the  feed- 
water  at  131°  Fakr.,  evaporated  10*85  lbs.  of  water  per  lb.  of  coal, 
at  a  steam  pressure  of  75  lbs.  per  sq.  in.  After  that  an  experiment 
was  tried  by  shutting  off  the  external  flues  at  the  sides  of  the  boiler, 
and  using  only  the  30  ft.  corrugated  flue ;  the  evaporation  was  then 

8  •  175  lbs.  of  water  per  lb.  of  coal,  or  nearly  6  lbs.  of  water  per  sq.  ft. 
of  flue  surface  per  hour.  The  corrugated  flue,  both  in  its  manufacture 
and  in  its  use,  had  presented  difficulties  which  were  not  easy  to  be 
got  over,  from  the  material  first  used  having  been  iron  ;  and  he  was 
satisfied  that,  unless  he  had  taken  to  mild  steel,  the  corrugated  flue 
would  have  had  many  difficulties  to  contend  with,  which  had  now 
been  got  rid  of.  Iron  manufactured  in  large  plates  could  not  be 
thoroughly  homogeneous.  The  best  method  of  making  iron,  up  to 
the  present  day,  was  that  of  puddling  and  piling  slab  moulds  one 
upon  another  and  welding ;  and  its  success  depended  on  the 
complete  welding  up  of  all  the  original  surfaces  of  the  slabs.  Now 
a  plate  sufficient  to  make  a  flue  of  16  cwt.  required  a  pile  of  at  least 
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20  slabs  weighing  1  cwt.  each,  and  each  having  a  surface  of  about 
3  sq.  ft. ;  and  it  would  be  found  a  very  difficult  job  in  practice  to 
get  rid  of  those  60  sq.  ft.  of  surface,  so  as  to  have  a  homogeneous 
plate.  But  with  mild  steel  an  ingot  was  taken,  in  which  the  particles 
had  never  separated  since  they  had  come  together  in  tbe  mould  ;  and 
the  only  difficulty  was  in  the  ends.  He  had  made  above  2,000  tons 
of  steel  ingots  into  corrugated  flues,  and  not  five  plates  made  from 
those  ingots  had  been  rejected,  though  every  plate  had  been  tested  by 
the  Board  of  Trade. 

Mr.  Jeremiah  Head,  referring  to  the  paragraph  (p.  466)  "  If  the 
evaporative  performance  of  the  marine  boiler  is  to  be  increased,  it 
must  be  by  one  of  the  four  following  methods,"  thought  perhaps 
a  fifth  might  have  been  added,  namely  a  greater  difference  of 
temperature  between  the  inside  of  the  fire-box  and  the  water  spaces. 
Every  one  knew  that  if  two  bodies  at  different  temperatures  were  in 
contact,  the  heat  passed  from  the  one  to  the  other  with  a  velocity  of 
transmission  varying  as  the  square  root  of  the  difference  between  the 
temperatures.  In  drawing  attention  to  the  saving  of  fuel  which  had 
been  effected  during  the  last  nine  years,  the  author  had  pointed  out 
that  the  mean  pressure  used  had  increased  from  an  average  of  60  lbs. 
to  something  like  100  lbs.  Now,  inasmuch  as  water  or  steam  at 
100  lbs.  pressure  was  of  a  considerably  higher  temperature  than 
water  or  steam  at  60  lbs.,  it  was  clear  that,  if  the  temperature  in  the 
fire-box  was  not  altered — the  method  of  burning  the  coal  remaining 
the  same, — there  was  now  actually  less  difference  than  before  between 
the  temperature  of  the  fire-box  and  that  of  the  water  to  which  the 
heat  had  to  be  imparted.  Therefore  it  would  be  strange  if  the  boiler 
had  even  maintained  its  efficiency  during  this  period,  seeing  that 
there  had  been  less  difference  of  temperature  for  the  transmission 
of  heat.  Evidently  this  point  had  been  perceived  by  the  author  and 
some  of  the  previous  speakers,  because  they  advocated  strongly  a 
forced  blast,  which  meant  a  higher  temperature  in  the  fire-box ;  but 
it  did  not  appear  to  him  that  that  was  clearly  brought  out  in  the 
paragraph,  p.  466.  He  should  therefore  like  to  suggest  that  the 
reason  why  the  forced  blast  was  so  likely  to  be  the  real  direction  of 
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improvement  was  that  every  square  foot  of  heating  surface  would 
thereby  become  very  much  more  effective,  because  of  the  greater 
difference  of  temperature,  and  the  greater  velocity  in  transmission  of 
heat,  thereby  produced.  If  higher  pressures  were  to  be  used,  and 
therefore  higher  temperatures  of  water  in  the  boiler,  it  was  clear 
that  the  way  in  which  progress  must  be  made  in  efficiency  was  by 
getting  a  higher  temperature  in  the  fire-box;  and  the  best  way  at 
present  known  for  doing  this  was  by  means  of  a  forced  blast. 

There  was  another  direction  in  which  he  was  sanguine  that 
something  might  be  done  at  some  future  time.  Every  ton  of  air  that 
entered  the  fire-box  was  composed,  roughly  speaking,  of  about  one- 
fifth  oxygen  and  four-fifths  nitrogen.  That  nitrogen  was  inert  and 
useless  ;  it  entered  the  fire-box  say  at  a  temperature  of  50°  Fahr., 
and  left  the  funnel  afterwards  at  G00°,  and  it  was  clear  that  the 
whole  of  the  heat  taken  up  by  it  as  it  passed  through  the  fire-box 
and  tubes  was  entirely  lost.  A  plan  was  needed,  which  should  save 
passing  that  useless  nitrogen  through  the  fire-box.  He  believed  some 
experiments  had  been  made  some  years  since,  to  see  if  ordinary 
atmospheric  air  could  not  to  some  extent  be  filtered  of  the  nitrogen, 
by  passing  it  through  something  which  would  take  a  little  of  it  away,  so 
as  to  leave  the  air  that  had  passed  through  richer  in  oxygen  than  before. 
It  had  been  found  that  by  passing  air  through  very  fine  membranes 
of  a  certain  kind  the  nitrogen  was  stopped  more  than  the  oxygen  was. 
Perhaps,  if  it  could  not  be  done  in  that  way,  it  might  be  done  by 
artificially  mixing  the  air  to  some  extent  with  oxygen  before  it 
entered  the  ash-pit,  in  such  a  way  as  to  increase  its  richness.  Or 
there  was  still  another  way  in  which  the  same  end  might  be  reached, 
namely  by  some  regenerative  system.  If  the  air  which  entered  the 
ash-pit  could  be  heated  beforehand  by  the  waste  heat  from  the 
funnel,  it  would  effect  what  was  needed  by  lessening  the  total  amount 
of  heat  which  was  run  away  with  by  the  nitrogen. 

Speaking  of  the  joints  in  a  boiler,  Mr.  Parker  had  said  that  if 
the  external  rings  of  the  boiler  could  be  rolled  solid,  without  any 
joint,  25  per  cent,  more  pressure  might  be  used,  because  the  joints 
were  never  more  than  75  per  cent,  as  strong  as  the  solid  plate. 
He  would  suggest  whether  Mr.  Parker  did  not  forget  the  crossing  of 
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the  joints.  Supposing  the  whole  length  of  the  boiler  was  made  of 
four  rings  breaking  joint,  the  boiler  was  not  weakened  to  the  full 
extent  of  the  difference  between  the  joint  and  the  solid,  but  only 
by  something  like  half  that  difference,  or  12 J  per  cent.  Mr.  Parker 
had  also  spoken  about  the  factor  of  safety  which  should  be  allowed 
for  thick  and  for  thin  plates;  but  he  would  ask  whether  he  had 
considered  that  thick  plates,  whether  in  iron  or  steel,  were  not  quite 
as  strong  (so  far  as  they  now  knew  how  to  make  them)  as  thinner 
plates,  on  account  of  the  smaller  amount  of  work,  relatively,  which  it 
was  practicable  to  put  upon  them  ;  and  therefore  whether  the  factor  of 
safety  should  after  all  be  altered.  Mr.  Parker  had  also  said,  with 
regard  to  the  factor  of  safety  of  6,  that  it  had  only  to  cover  the 
corrosion.  But  he  would  suggest  whether  it  was  not  the  elastic  limit 
which  should  be  considered,  and  not  merely  the  ultimate  tensile 
strength.  If  it  was  true,  as  had  been  shown  at  the  last  meeting 
(Proceedings,  1881,  p.  209),  that  steel  began  to  stretch  permanently 
at  only  a  little  over  8  tons  per  sq.  in.,  which  was  something  like 
one-fourth  of  its  ultimate  tensile  strength,  then,  inasmuch  as  they 
must  not  exceed  or  even  come  near  that  elastic  limit,  he  would  ask 
whether  6  was  really  too  high  a  factor  of  safety. 

Mr.  T.  E.  Crampton  said  the  author  had  brought  the  subject 
forward  in  a  very  clear  way,  in  expressing  his  views  as  to  what 
should  be  done  in  the  future.  But  in  one  point  he  had  not  done 
what  he  ought  to  have  done — namely  to  separate  the  boiler  from  the 
engine.  He  did  not  see  how  any  satisfactory  judgment  could  be 
formed  unless  these  were  separated.  He  had  known  cases  in  which 
good  engines  had  been  condemned  in  consequence  of  the  boiler,  and 
the  converse.  About  forty  years  ago  he  had  made  experiments  with 
40  lbs.  pressure  and  about  six  grades  of  expansion,  on  a  double- 
cylinder  compound  engine  well  jacketed,  and  everything  attended  to 
as  well  as  it  was  in  the  present  day ;  and  one  I.H.P.  was  obtained 
from  18  lbs.  of  water.  He  felt  convinced  that  practically  11  lbs.  of 
water  would  very  shortly  be  evaporated  with  1  lb.  of  Newcastle  coal. 
It  was  simply  a  question  of  regularity  of  firing ;  and  that  had  not 
been  touched  at  all.     There  should  be  some  mechanical  means  of 
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firing.  As  to  the  reduction  of  nitrogen,  wliich  Mr.  Head  had 
suggested,  lie  believed  if  the  nitrogen  were  reduced  they  would  have 
too  much  heat.  If  the  proper  proportions  were  kept,  namely  12  lbs. 
of  air  to  1  lb.  of  fuel,  they  might  even  now  have  a  temperature 
so  high  that  they  might  prefer  to  reduce  it  if  anything. 

Mr.  Holt's  idea  of  having  a  single  engine  deserved  great 
consideration.  Of  course  the  double  engine  would  naturally  give 
a  more  equal  motion ;  but  if  engineers  could  practically  get  what 
they  wanted  from  the  single  engine,  by  all  means  let  them  keep  to  it, 
up  to  the  maximum  which  it  could  do.  With  the  single  engine  the 
expenses  were  reduced  in  a  variety  of  ways,  and  every  part  could 
be  got  at  better.  His  conviction  was  that  they  ought  not  to  look 
always  to  the  consumption  of  fuel,  but  also  to  the  cost  of  repairs  at 
the  end  of  five  or  six  years.  There  were  many  things  to  be  done 
besides  burning  fuel. 

With  regard  to  the  question  of  condensing,  he  might  point  out 
that  the  passing  of  water  through  the  condensers  by  pressure  gave  a 
better  result  than  by  sucking  it  through.  Some  experiments  which 
he  had  made  on  a  marine  boiler,  with  1,500  sq.  ft.  of  heating  surface, 
showed  10  per  cent,  more  water  evaporated  by  the  use  of  air  under 
pressure  than  by  the  vacuum  of  the  ordinary  chimney  draught.  He 
had  tested  the  quantity  of  the  gases  passing  through  all  the  tubes,  and 
had  found  that  in  the  case  of  pressure  all  the  tubes  were  being  supplied 
with  the  proper  quantity  of  gas,  while  with  suction  a  large  number 
of  the  tubes  had  hardly  any  gas  passing  through.  The  suction  of 
the  chimney  drew  all  the  gases  by  the  nearest  path.  There  was  also 
another  practical  advantage  when  cleaning  out  the  tubes.  In  the 
case  he  had  mentioned  he  had  found  that,  having  a  pressure  of  only 
about  iV  inch  of  water  in  the  fire-box  (working  with  dust-fuel),  the 
smoke-box  door  could  be  opened  and  the  tubes  cleaned  out  while 
working,  and  the  evaporation  was  only  10  or  15  per  cent,  less  than 
when  working  at  a  maximum  with  the  smoke-box  door  shut. 

From  experiments  which  he  had  made  upon  the  subject,  he 
believed  there  was  a  future  for  self-acting  firing,  thus  doing  away 
with  the  dreadful  work  of  the  firemen;  and  that  11  lbs.  of  water 
would  then  be  practically  evaporated  from  1  lb.  of  coal,  as  he  had  done 
over  and  over  again  with  self-acting  firing,  and  with  dust-fuel.     The 
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difficulty  he  had  experienced  had  been  in  the  lining  of  the  fire-box ; 
the  great  heat  destroyed  the  bricks  to  such  an  extent  that  he  had 
discontinued  the  experiments.  Since  then  however  he  thought  he 
had  discovered  a  self-acting  lining  which  could  be  recuperated,  and 
made  practically  indestructible.  If  a  revolving  fire-box  were  used, 
as  the  bricks  wore  away  they  got  to  a  point  where  the  water  kept 
them  cool ;  and  if  the  brick  lining  was  knocked  off  it  was  replaced 
by  the  slag.  If  dirt  was  put  in,  it  would  melt,  and  accumulate  in  the 
chamber  until  it  ran  over,  the  dirt  in  the  coal  being  sufficient  for  the 
purpose.  There  would  always  be  a  lining  of  slag  in  the  chamber  ; 
and  this  was  necessary  if  they  used  dust  fuel.  They  simply  wanted 
a  plain  cylindrical  boiler,  filled  with  tubes  like  a  locomotive  boiler, 
and  having  the  revolving  combustion  chamber  in  the  front  of  it : 
like  his  revolving  puddling  furnace  (Proceedings,  1876,  Plate  43), 
where  the  slag  formed  a  permanent  lining.  This  system  of  revolving 
chamber  had  proved  to  be  almost  indestructible  in  puddling ;  and  was 
therefore  quite  adapted  for  boilers.  The  form  of  such  a  boiler  as  now 
described  was  very  simple,  and  it  was  excessively  strong.  He  only 
mentioned  the  matter  to  show  that  under  such  conditions  they  might 
have  a  perfect  self-acting  apparatus.  The  climate  was  a  matter  of 
no  consequence  ;  they  might  start  from  England  and  go  to  Calcutta, 
and  if  they  wished  to  burn  say  1  ton  of  coal  an  hour,  they  could 
burn  it  within  5  per  cent,  on  the  whole  journey  without  any  one 
touching  the  apparatus.  He  might  observe  that  too  little  attention 
had  been  given  to  this  question  of  self-acting  firing ;  there  had 
doubtless  been  many  failures,  which  discouraged  steamship  owners. 
The  problem  was  not  easy  to  solve,  particularly  where  fire-bars  were 
a  requisite  ;  but  with  dust-fuel  and  a  revolving  fire-box  it  was,  in  his 
opinion,  quite  possible  to  effect  the  object. 

Mr.  E.  Reynolds  wished  first  to  acknowledge  the  kind  way  in 
which  Mr.  Marshall  had  mentioned  cast-steel  propellers :  he  had 
been  the  first  to  adopt  them  for  ocean  ships,  and  he  had  been  a 
steady  friend  to  them  ever  since. 

Referring  to  the  question  of  the  single  engine,  it  was  practically 
impossible  to  put  into  a  ship  a  fly-wheel  which  would  give  an 
equality  of  power  with  an  engine  of  5,000  or  0,000  H.P.     It  was 
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difficult  enough  to  get  proper  work  out  of  a  propeller,  even  when  it 
had  uniform  power  on  it  throughout  the  revolution  ;  and  he  was 
satisfied  that  no  fancied  simplicity  of  a  single  engino  would 
compensate  for  the  disadvantage  of  applying  the  power  to  the 
propeller  hy  irregular  efforts. 

With  regard  to  boilers,  in  the  presence  of  so  many  marine 
engineers  he  did  not  wish  to  say  much ;  but  there  were  a  few  fallacies 
on  that  subject  to  which  he  wished  to  call  attention.  First  of  all, 
the  disposition  to  exaggerate  the  advantage  of  the  locomotive  type 
of  boiler  was  again  on  the  increase.  The  locomotive  boiler  he 
believed  was  the  best  for  its  particular  purpose,  but  its  special 
conditions  must  be  borne  in  mind.  One  of  these  doubtless  was  to 
burn  a  very  large  quantity  of  fuel  in  a  small  space;  and  this  was 
becoming  daily  more  desirable  in  steamboats,  as  the  author  had 
pointed  out.  But  a  locomotive  boiler  was  washed  out  say  every  two 
days,  and  properly  looked  after  ;  and  that  condition  failing,  he  did 
not  think  that  a  boiler,  with  spaces  so  very  narrow  as  to  enable  the 
surface  to  be  concentrated  in  the  way  it  was  in  the  locomotive,  would 
do  at  sea :  but  where  the  circumstances  were  such  as  to  admit  of 
crowded  heating  surface,  with  very  narrow  water-spaces  and  no 
possibility  of  internal  examination,  then  other  forms  of  multitubular 
boilers  could  be  so  arranged  as  easily  as  the  locomotive  form.  Next, 
the  thinner  plates  which  were  used  in  locomotive  boilers,  with  a 
lower  factor  of  safety  than  the  Board  of  Trade  required  for  marine 
boilers,  would  not  be  admissible  at  sea  without  constant  or  very 
frequent  attention.  He  seldom  heard  a  paper  of  that  kind  read 
without  hearing  attacks  on  the  factor  of  6,  as  required  for  marine 
boilers.  He  could  only  say  he  should  be  sorry  to  buy  any  part  of  a 
marine  engine  in  which  he  imagined  there  was  a  lower  factor  of 
safety  than  6,  even  though  so  much  did  not  depend  on  the  failure 
of  the  engine  as  on  that  of  the  boiler.  There  was  another  practical 
point,  namely  that  when  it  was  attempted  to  make  a  boiler  of  that 
class  to  any  considerable  size — such  a  size  as  the  marine  service 
would  require  —  the  difficulties  already  felt  by  locomotive 
superintendents  would  become  exaggerated.  The  locomotive  fire-box 
with   its  fiat  sides,  which   could   not   expand   in  any  way  without 
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some  buckling,  was  not  now  the  durable  affair  it  used  to  be 
when  it  was  only  3  ft.  square ;  and  the  difficulty  would  keep 
increasing  as  the  flat  sides  became  larger.  He  was  aware  that 
Mr.  Fox  had  proposed  to  corrugate  those  flat  sides,  something  after 
the  fashion  of  the  corrugated  flues  ;  but  he  could  not,  with  the  flat 
sides,  get  the  yielding  in  every  direction  that  he  did  get  with  the 
cylindrical  flue. 

With  regard  to  the  best  type  of  boiler  generally,  the  effort  to 
reduce  the  diameter  of  the  shells  was  by  no  means  new.  He 
remembered  Sir  Frederick  Bramwell  many  years  ago  constructing 
some  boilers  with  small  shells  and  water  legs.  But  one  thing  which 
should  be  borne  in  mind  was  that  it  was  not  sufficient  for  the  boiler 
to  have  merely  a  certain  amount  of  heating  surface  in  a  small  space  ; 
there  must  be  also  a  certain  area  of  water  surface,  especially  in  a  ship 
tumbling  about  at  sea.  Mr.  Marshall  had  called  attention  to  that 
point,  and  had  claimed  it  as  one  of  the  advantages  of  the  navy  boiler, 
as  it  unquestionably  was  ;  but  he  seemed  to  have  lost  sight  of  it  again  a 
little,  because  in  his  proposal  to  introduce  the  locomotive  type  he  had 
mentioned  that  steam  space  might  be  got  by  raising  the  crown  of  the 
external  fire-box.  That  was  not  the  same  thing:  steam  room  and 
water  area  were  not  interchangeable  advantages. 

Mr.  D.  Adamson  said  the  point  in  the  paper  which  specially 
impressed  him  was  the  selection  of  the  type  of  engine.  He  thought 
it  was  only  fair  that  they  should  acknowledge  amongst  themselves 
the  great  progress  that  had  taken  place  during  the  last  nine  years, 
since  Sir  Frederick  Bramwell's  paper  had  been  read.  It  was  stated 
in  the  present  paper  that  there  had  since  been  an  annual  saving  of 
1^  per  cent.,  or  13J?  per  cent,  gross  in  all ;  and  it  had  been  verbally 
stated,  since  the  paper  was  read,  that  the  saving  was  really  equal  to 
2  per  cent,  per  annum.  The  saving,  if  it  went  on  at  that  rate, 
would  be  very  great,  and  must  end  in  a  very  economical  consumption 
of  fuel  before  many  years  were  over.  On  the  type  of  engine  the 
goodness  and  the  success  of  a  ship  greatly  depended.  The  subject 
had  been  before  them  in  1880  at  Barrow,  and  the  triple  engine  had  there 
been  recommended ;  but  he  thought  that  Mr.  Marshall  sj>oiled  his 
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paper  in  some  degree  by  the  value  he  attached  to  Mr.  Holt's  letter. 
For  if  one  cylinder  were  used  to  produce  the  force  necessary  for 
propelling  a  big  ship,  say  equal  to  a  percussive  force  of  100  tons  on 
the  steam  piston,  was  it  practical  or  sensible  to  bring  such  a  force  on 
a  single  crank-pin,  when  it  could  easily  be  divided  over  three  cylinders, 
letting  each  have  a  force  of  only  33  tons  ?  While  they  got  triple 
security  in  the  triple  engine,  they  would  not  diminish  by  a  fraction 
the  ultimate  strength  of  the  screw-shaft,  because  that  was  wanted  to 
contend  with  the  full  power  of  the  combined  engines.  But  if  it  were 
wished  to  get  the  highest  possible  proportion  of  power,  that  would 
be  most  easily  accomplished,  as  had  been  wisely  suggested,  by  a  much 
increased  speed  of  piston.  He  held  that  this  was  the  great  and  only 
principle  to  act  upon — to  augment  the  bearing  surfaces,  and  to 
diminish  the  percussive  action  and  the  frictional  load  on  the  crank- 
pin  as  they  increased  the  speed.  It  was  no  supposition,  it  was  a 
demonstrated  fact,  that  the  faster  any  machine  went  the  less  force 
must  there  be  on  any  given  point  of  wearing  surface.  As  to  the 
question  of  three  cylinders  or  one  cylinder,  he  held  that  one  cylinder 
was  an  inadmissible  and  an  obsolete  arrangement.  If  they  looked  at 
the  matter  according  to  the  one-sided  view  that  Mr.  Crampton  had 
put  before  them,  they  would  at  once  jump  to  the  conclusion  that 
simplicity  was  everything ;  but  could  any  one  control  the  laws  of 
nature  and  turn  them  to  his  own  convenience  at  will  ?  If  they  began 
with  a  high  pressure  at  one  end  of  the  stroke,  and  ended  with  only 
atmospheric  pressure  at  the  other,  the  difference  of  temperature  within 
the  one  cylinder  would  preclude  any  possibility  of  the  economical 
application  of  the  steam. 

It  might  be  remembered  that  he  had  read  a  paper  before  the  Iron 
and  Steel  Institute  (see  Journal  1875,  p.  3G0)  on  quadruple  action,  or 
engines  to  use  steam  four  times  over ;  and  if  he  were  to  prophesy 
with  regard  to  the  results,  he  should  certainly  prophesy  success  for 
quadruple  action,  with  a  continuous  run-through  of  the  steam  from 
cylinder  to  cylinder.  First,  nature  was  on  his  side.  The  temperature 
was  only  lowered  in  a  slight  degree  in  each  successive  cylinder. 
Beginning  say  with  100  lbs.  to  120  lbs.  on  the  first  piston  (which  was 
his  common  practice),  the  pressure  on  the  second  piston  would  probably 
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be  about  60  to  65  lbs.  Tbe  reduction  in  temperature  in  any  one  cylinder 
was  very  mucli  less  tban  could  possibly  be  tbe  case  if  tbe  entire 
expansion  took  place  in  one  cylinder,  when  commencing  witb  120  lbs. 
pressure  ;  and  altbougb  tbere  must  be  some  loss  between  tbe  cylinders, 
botb  in  pressure  and  in  temperature,  it  was  only  sligbt :  wbile  on 
the  other  hand  the  four  pistons  would  check  any  loss  through  leakage 
of  steam  direct  into  tbe  condenser,  which  must  take  place  with  one 
cylinder  when  either  the  piston  or  the  slide-valve  leaked.  Beyond 
this,  he  held  to  the  grand  principle  of  Dalton's  discovery,  and  Gay- 
Lussac's  in  France — in  the  same  year  1801,  although  unknown  to 
each  other — that  by  increasing  the  temperature  of  gases  480°  Fahr. 
their  volume  was  doubled.  Now  multiple  cylinders  gave  facilities  for 
superheating,  which  were  impracticable  in  tbe  single  cylinder. 
Superheating  high-pressure  steam  could  only  end  as  it  had  done,  in 
extreme  failure,  since  high-pressure  steam  was  necessarily  hot  steam, 
and  they  did  not  want  to  make  it  more  impracticable  than  it  already 
was  in  that  respect ;  but  with  the  multiple-cylinder  system  the  low- 
pressure  steam  could  certainly  be  practically  superheated  to  the 
temperature  of  high-pressure  steam,  whilst  the  expansion  was  goinc 
on,  and  concurrently  with  the  reduction  of  pressure ;  and  thereby 
considerable  economy  could  be  secured  in  the  multiple  system,  over 
and  above  the  single-cylinder  plan.  Steam  at  atmospheric  pressure, 
or  21'2°,  might  be  heated  up  to  the  temperature  of  high-pressure 
steam,  or  at  least  to  360°  ;  and  superheating  became  in  this  way  not 
only  practicable  but  highly  economical.  Thus  they  were  enabled  to 
utilise  Dalton's  grand  law,  and  to  increase  the  bulk  of  the  steam  at 
much  less  cost  than  by  any  other  means. 

Passing  on  to  the  consideration  of  the  boiler,  the  most  injurious 
condition  set  forth  was  that  of  corrosion.  He  regretted  that  the 
paper  to  follow,  on  iron  and  steel  for  ships,  had  not  been  read  at 
the  same  time  as  Mr.  Marshall's,  because  it  was  impossible  to 
consider  at  all  the  question  of  the  application  of  mild  steel  or  iron, 
without  discussing  the  conditions  attached  to  shipbuilding ;  but  he 
would  treat  of  this  when  Mr.  Price's  paper  came  to  be  read.* 

*  See  discussion  upon  "  Iron  and  Steel  for  Ships,"  pp.  571-4,  infra. 


504  THE    MARINE    ENGINE.  AUGUST  1881. 

Tho  subject  of  riveted  joints  was  of  vital  importance  in  connection 
with  steam  boilers.  But  tho  strength  of  tho  joints,  in  the  marine 
boiler  especially,  was  not  of  equal  importance  throughout ;  there  must 
be  one  class  of  joints  for  the  shell,  and  another  class  of  joints  for 
the  fire-box.  With  regard  to  the  joints  for  the  shell,  it  was  of  no 
importance  to  consider  the  quantity  of  metal  requisite  to  unite  the 
plates,  in  order  to  get  up  to  the  maximum  strength.  The  principal 
thing  was  to  get  uniformity  of  strength  throughout.  On  that  head 
he  was  inclined  to  think  that  the  corrugated  flue  had  been  rather 
too  strongly  put  forwards.  It  had  some  advantages  and  some 
disadvantages,  but  he  would  only  look  at  it  for  the  present  with 
regard  to  the  condition  of  a  fire-box  which  was  subject  to  getting 
red  hot,  and  needed  to  have  security  under  those  extreme  conditions. 
The  corrugated  flue,  they  were  told,  when  red  hot  collapsed  and  went 
down.  But  in  place  of  corrugated  flues,  Adamson's  flange  seams 
might  be  used,  which  might  be  made  as  numerous  as  was  wished, 
and  with  this  difference :  that  the  metal  between  the  flange  seams 
would  withstand  the  force  of  the  pressure,  let  that  pressure  be  what  it 
might,  either  at  red  heat  or  comparatively  white  heat,  the  flanges 
forming  as  it  were  a  back-bone  between  the  intermediate  plates. 
Security  could  thus  be  obtained,  because  of  the  quantity  of  metal 
in  the  flanges  that  was  kept  away  from  the  fire,  and  was  exposed 
only  to  the  temperature  of  the  steam. 

Mr.  Marshall  said  he  must  thank  the  members  cordially  for  the 
very  candid  and  friendly  manner  in  which  his  paper  had  been 
discussed.  Of  course  he  knew  that  it  had  run  counter  to  the  views 
of  several  friends  present,  notably  perhaps  Mr.  Crampton,  who  was 
always  against  high  pressures.  He  would  now  endeavour  to  reply 
to  the  various  questions  that  had  been  raised  by  the  several  speakers. 

First  he  would  thank  Mr.  Kirk — who  he  supposed  might  be 
looked  upon  as  the  representative  of  the  Glasgow  engineering  and 
ship-building  community — for  the  remarks  he  had  made.  It  was 
satisfactory  to  find  that  he  approved  of  pressures  of  at  least  120  lbs. 
He  himself  did  not  think  there  was  much  gain  to  be  got  beyond  that 
pressure,  or  150  lbs.  at  the  outside.     The  practical  difficulties  then 
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became  so  great — as  had  been  seen  in  the  Perkins  engine  so  ably- 
reported  upon  very  recently  by  Sir  Frederick  Bramwell — that  there 
was  clearly  a  limit  to  high  pressures.  Owing  to  the  multiplication 
of  cylinders,  and  the  difficulty  of  dealing  with  high  temperature, 
no  higher  result  had  been  there  found  with  390  lbs.  than  was  now 
obtained  every  day  with  90  lbs.  pressure. 

Mr.  Kirk  had  raised  a  question  to  which  attention  had  also  been 
called  in  the  paper — the  question  of  dead-weight  capacity  instead  of 
measurement  capacity;  and  had  mentioned  that  there  were  vast 
numbers  of  ships  that  did  not  measure  their  profit  by  dead  weight 
at  all.  That  was  quite  correct ;  but,  while  there  were  a  great  many 
that  never  went  by  dead  weight,  a  large  proportion  of  steamships  did, 
as  for  instance  all  the  Transatlantic  steamers,  all  the  vessels  going 
along  the  coast,  and  ore-  and  grain-carrying  vessels,  of  which  there 
were  a  large  number.  In  those  cases,  wherever  a  ton  weight  was 
saved  in  machinery  and  in  water  carried,  there  was  £10  per  annum 
advantage  to  the  shipowner. 

Mr.  Kirk  had  also  remarked  that  light  engines  must  necessarily 
be  costly  ;  and  he  agreed  with  him.  There  was  not  a  manufacturing 
engineer  who  would  not  agree  that,  where  they  had  to  use  steel  and 
to  go  into  appliances  involving  a  large  amount  of  manufacture  and 
manual  labour,  the  work  must  be  more  costly  than  where  they  could 
deal  with  a  heavy  casting,  which  could  be  taken  out  of  the  foundry 
and  simply  dropped  into  its  place.  Still,  if  a  lighter  engine  could  be 
constructed,  as  Mr.  Kirk  had  constructed  the  engines  of  the 
Nelson  (which  he  believed  was  a  very  satisfactory  ship),  and 
if  Mr.  Thornycroft  was  right  in  adopting  a  system  of  working 
engines  at  600  revolutions  per  minute,  or  at  440  in  first-class  torpedo 
boats — if  that  could  be  done,  it  was  worth  doing.  The  weight  was 
worth  saving,  and  he  thought  there  was  a  field  open  for  the  engineer's 
skill  and  ability  in  that  direction.  It  was  a  purely  mechanical  step. 
It  might  be  costly,  and  the  shipowner  would  have  to  pay  for  it ;  but 
supposing  a  pair  of  200  horse  engines,  suitable  for  a  ship  of 
3,000  tons  dead  weight,  were  to  cost  £1,000  more,  and  -would  save 
the  owner  £1,000  a  year,  then  he  would  get  the  additional  expense 
back  in  twelve  months,  with  the  advantage  of  the  permanently  higher 
profit  subsequently. 

2   R 
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He  was  glad  to  find  that  Mr.  Kirk  concurred  in  his  view  in 
reference  to  the  locomotive  boiler.  Perhaps  while  referring  to  that 
subject  it  might  be  well  to  go  into  the  several  questions  which  had 
been  raised  respecting  it  by  the  various  speakers.  The  basis  on 
which  he  had  gone  was  that  of  efficiency  and  reduction  of  weight, 
with  a  view  of  making  the  marine  engine  more  profitable  to  the 
owner.  Now,  if  a  locomotive  boiler  could  be  adopted  for  a  vessel  of 
say  3,000  tons,  requiring  engines  of  1,500  indicated  horse  power,  as 
in  Plate  71,  where  the  dotted  lines  showed  the  space  required  for 
boilers  of  the  ordinary  type,  it  would  be  seen  that  the  locomotive 
form  would  save  the  space  A  at  the  fore  end,  Fig.  40,  and  also  a 
considerable  amount  at  the  sides,  Fig.  39.  It  would  svve  at  least 
150  tons  of  cubic  capacity  in  that  particular  ship,  the  St.  Dunstan  ; 
and  that  saving  meant  of  course  £1,500  a  year  to  the  shipowner. 

With  regard  to  the  question  of  water  surface,  raised  by  Mr. 
Reynolds,  the  water  surface  in  locomotive  boilers  would  not  be  much 
less  than  in  the  navy  form  of  equal  power.  The  three  locomotive 
boilers  shown  in  Plate  71  had  together  242  sq.  ft.  of  water  surface, 
while  boilers  of  the  navy  form,  for  the  same  power,  would  give  about 
300  sq.  ft.  He  did  not  anticipate  any  difficulty  whatever  in  getting 
dry  steam,  bearing  in  mind  locomotive  practice,  where  there  was  no 
very  serious  difficulty  with  priming  or  with  wet  steam.  The  large 
steam-chamber  D  in  the  locomotive  boiler,  Fig.  40,  was  carried 
with  a  view  of  taking  the  steam  off  at  as  high  a  point  as  possible, 
about  6  ft.  above  the  water  level. 

He  should  have  been  glad  to  hear  at  greater  length  the  views  of 
members  on  the  subject  of  forced  draught  and  the  mode  of  applying 
it.  The  part  S  in  Fig.  40,  Plate  71,  would  be  the  enclosed  stoke-hold, 
where  the  men  would  have  to  work  under  pressure  from  the  blowing 
fans  FF.  He  did  not  anticipate  that  the  pressure  required  would 
be  more  than  1^  in.  of  water  column,  as  in  the  case  of  the  vessels 
with  forced  draught  alluded  to  in  the  paper,  p.  469  ;  which,  added  to 
the  funnel  draught,  would  make  an  effective  pressure  of  1-65  inch. 
The  men  there  worked  six  or  eight  hours  at  a  time,  without  difficulty. 

Mr.  Crow  had  stated  that  the  Woolf  engine  was  as  efficient  as  the 
receiver  engine.      Ko  doubt  there  was  a  difficulty  in  saying  why  it 
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should  not  be  so  ;  but  tbe  fact  was  that  it  was  not,  if  judged  by  the  coal 
consumed  and  power  indicated.  A  glance  at  Table  I.  (p.  452)  would 
show  that  the  results  given  for  the  B  (Woolf )  and  C  (receiver)  classes 
of  eugines  differed  by  exactly  10  per  cent,  in  favour  of  the  receiver 
class:  thus  confirming  Mr.  D.  K.  Clark's  deductions  from  experiments 
conducted  by  the  most  trustworthy  American  and  French  engineers. 
The  difference  in  actual  working  on  long  sea  voyages  was  thus  10 
per  cent.  He  did  not  say  that  that  was  all  loss  in  the  Woolf  engine ; 
but  in  his  opinion  there  were  no  cases  in  which  that  class  of  marine 
engine  was  preferable  to  the  receiver  engine,  in  regard  to  efficiency. 

Sir  Frederick  Bramwell  and  Mr.  Bich  had  been  inclined  to  call 
in  question  the  correctness  of  Table  I.  Tbe  data  were  obtained  in 
this  way.  He  had  drawn  out  a  form,  and  sent  it  round  to 
a  large  number  of  manufacturing  engineers,  shipowners,  marine 
superintendents  and  others,  who  returned  it  to  him  with  the  data 
filled  in.  He  had  merely  asked  them  to  give  tbe  best  results 
they  had  obtained  in  recent  practice  in  long-voyage  ships ;  and  they 
had  supplied  the  information  which  he  had  embodied  in  the  Table. 
On  some  occasions,  where  he  had  felt  doubtful  as  to  the  results,  he 
had  written  a  second  time  about  them.  When  he  had  received  a 
statement  of  indicated  horse-power  in  very  round  numbers,  such  as 
700,  800,  or  1000,  he  had  thought  the  figure  questionable,  and  had 
taken  the  liberty  of  either  rejecting  the  ship  from  the  list,  or  calling 
the  attention  of  those  sending  the  information  in  order  that  they 
might  correct  it.  But  in  nearly  every  case  the  data  were  so  satisfactory 
that  he  could  not  call  them  in  question.  The  form  returned  to  him 
was  accompanied  in  many  cases  by  indicator  diagrams,  giving  the 
steam-pressures  and  the  revolutions  of  the  engines ;  and  also  by  the 
logs  of  the  vessels  themselves  on  long  voyages.  If  the  revolutions 
and  the  indicator  card  corresponded  with  the  average  of  the  work  as 
recorded  in  the  log,  he  took  that  as  the  soundest  and  best  datum 
that  could  be  had  for  the  final  result.  He  thought  the  Table  might 
be  considered  as  giving,  not,  as  Mr.  Parker  had  said,  the  highest 
results  obtained,  but  average  results,  which  might  be  regarded  ten 
years  hence  by  his  successor  as  accurate,  in  the  same  sense  as  he 
himself  regarded  those  given  by  Sir  Frederick  Bramwell. 

2  e  2 
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With  reference  to  Mr.  Perkins's  system  of  tulmlous  boiler, 
referred  to  by  Mr.  Rogerson  and  also  by  Sir  Frederick  Bramwell,  it 
was  clear  to  hini  tbat  that  boiler  bad  something  wrong  about  it.  If 
there  was  a  pressure  of  390  lbs.  in  the  boiler,  and  only  295  lbs.  in  tho 
cylinder,  then  there  must  be  something  wrong  somewhere.  Then 
again,  in  multiplying  cylinders  and  passing  the  steam  from  one  to 
another,  there  seemed  to  be  enormous  losses  going  on  between 
them.  Mr.  Adamson  had  called  attention  to  the  advantages  of 
multiplying  cylinders  ;  but  there  were  certainly  also  disadvantages 
attending  the  plan,  and  he  thought  Mr.  Perkins  had  experienced  them. 
At  any  rate  he  himself  did  not  see  what  good  was  to  be  got  by 
adopting  Mr.  Perkins's  form  of  tubulous  boiler,  if  the  result  was  only 
to  be  very  similar  to  that  generally  obtained  with  the  ordinary  form 
of  marine  boiler.  The  difficulty  which  he  saw  was  that  of  getting 
dry  steam.  Water  was  carried  over  with  the  steam,  and  efficiency 
was  lost. 

Mr.  Parker  had  called  attention  to  some  remarks  in  the  paper  as 
"complaining  of  restrictions."  He  was  not  aware  that  he  had 
complained.  He  thought  the  Board  of  Trade  was  a  very  useful 
institution  ;  and  Lloyd's  also,  especially  so  long  as  it  was  managed 
by  Mr.  Parker.  He  had  merely  referred  to  the  fact  that  there  were 
certain  restrictions,  and  that  so  long  as  those  restrictions  remained 
there  was  a  difficulty  in  adopting  very  freely  the  locomotive  or  any 
other  form  of  boiler.  He  would  give  an  example.  If  they  were  to 
take  the  locomotive  boiler  of  to-day,  working  regularly  on  the 
railway  (as  Mr.  Kirk  had  said),  among  thousands  of  people,  at 
150  lbs.  or  180  lbs.,  and  were  to  ask  the  Board  of  Trade  to  pass  it, 
they  would  pass  it  at  something  like  90  lbs. ;  so  that  half  the 
pressure  would  be  lost.  He  did  not  say  that  Lloyd's  were  right  or 
wrong  in  so  doing ;  but  it  was  a  restriction. 

As  to  corrugated  flues,  he  thought  they  were  a  step  in  the  right 
direction.  He  had  himself  been  singularly  unfortunate  in  the  use 
of  them,  and  he  had  mentioned  in  the  paper  the  causes  of  failure. 
He  believed  these  had  not  been  due  to  the  corrugated  principle,  but 
to  the  difficulties  which  Mr.  Fox  himself  admitted  had  been  met 
with    in    the     manufacture.      These   Mr.   Fox   was    now    rapidly 
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overcoming ;  and  when  he  had  got  his  mills  to  work,  and  could 
manufacture  the  flues  by  rolling  them,  as  was  being  done  by  Krupp 
at  Essen,  instead  of  hammering  them  as  at  present,  a  good  furnace 
would  be  obtained  by  the  corrugated  system,  if  it  were  not  superseded 
beforehand  by  the  locomotive  boiler. 

With  regard  to  the  question  of  the  single  engine  and  Mr.  Holt's 
letter,  he  had  called  attention  to  that  letter  because  Mr.  Holt  was  a 
gentleman  well  known  to  many  of  them  as  a  very  advanced  shipowner, 
who  did  not  hesitate  to  spend  his  money  and  use  his  vessels  in 
experimenting,  so  as  to  bring  about  the  best  possible  results.  He 
perhaps  took  therefore  a  broader  view  than  many  marine  engineers. 
He  worked  the  ships  himself,  and  had  the  question  of  expenses 
and  repairs  constantly  before  him,  as  well  as  the  coal  account, 
which  he  called  a  minor  disbursement ;  and  so  long  as  the  engine 
was  managed  by  him,  or  by  their  esteemed  friend  Mr.  Crow 
under  his  direction,  it  seemed  to  do  very  good  work.  Mr.  Holt 
did  not  attempt  anything  like  a  high  economical  result ;  he  said 
he  did  not  seek  it.  He  did  not  know  that  Mr.  Holt  was  right 
there ;  perhaps  he  was  not.  A  shipowner  might  as  well  have  the 
£10  per  annum  if  he  could,  instead  of  the  ton  of  coal  to  carry  ; 
but  Mr.  Holt  did  not  seem  to  care  for  it,  and  they  must  leave  him  to 
his  opinion. 


August  1881.  511 


ON  PRINTING  MACHINERY. 


By  Mr.  JOHN  JAMESON,  of  Newcastle-on-Tyne. 


The  only  papers  relating  to  Printing  Machinery  recorded  in  the 
Proceedings  of  the  Institution  of  Mechanical  Engineers  are  one  in 
1863  on  type  composing  and  distributing,  and  one  in  1865  on  bank- 
note printing.  The  author  is  therefore  led  to  hope  that,  in  a  path  so 
untrodden,  the  present  paper  may  afford  features  of  interest,  without 
attempting  to  give  full  technical  information  on  the  subject. 

About  five  years  ago,  the  proprietors  of  the  Newcastle  Daily 
Chronicle  gave  an  order  to  Messrs.  Hoe  and  Co.,  Printing  Machinery 
Engineers  of  London  and  New  York,  for  a  larger  and  more  complete 
newspaper  printing  machine  than  had  ever  before  been  attempted. 
The  author  was  entrusted  with  the  design  of  the  engines  and  boilers, 
and  with  the  arrangement  and  carrying  out  of  the  various  mechanical 
details  of  the  office,  and  has  been  thus  occupied  until  the  present 
year,  when  the  whole  has  been  erected  and  completed.  It  is  this 
printing  machinery  of  which  he  proposes  chiefly  to  speak ;  and  by 
the  kindness  of  the  proprietors  of  the  Newcastle  Daily  Chronicle  he  is 
able  to  invite  the  members  of  the  Institution  to  see  it  in  actual 
operation.  In  order  however  to  bring  before  those  who  have  not 
given  special  attention  to  the  subject  some  idea  of  the  advances 
made  in  recent  years,  and  of  the  peculiar  merits  of  the  machinery 
specially  to  be  described,  he  proposes,  without  entering  into  anything 
like  a  history  of  printing,  to  refer  to  printing  machinery  of  more 
than  one  kind.  This  must  be  done  hurriedly  and  imperfectly, 
owing  to  the  largeness  of  the  subject. 

It  would  not  be  possible  in  any  reasonable  time  even  to  outline 
the  variety  of  machines  in  use  for  letterpress  printing  alone ;  still 
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less  to  institute  a  comparison  between  the  merits  of  the  various 
machines  employed  at  the  present  moment.  The  author  therefore 
will  merely  make  a  general  and  imperfect  classification  of  printing 
machines  into  three  large  groups,  namely  Platen  machines,  Cylinder 
machines,  and  Rotary  machines.  Of  these  the  Platen  machine  is 
one  in  which  the  paper  is  brought  down  as  a  flat  sheet  on  a  mass 
of  flat  laid  type  ;  the  Cylinder  machine  is  one  in  which  the  paper  is 
wound  on  a  cylinder,  and  pressed  upon  flat  laid  type  by  the 
revolution  of  that  cylinder  ;  and  the  Rotary  machine  is  one  in  wLich 
the  type  is  itself  placed  on  the  periphery  of  a  cylinder,  and  with 
it  revolves  in  contact  with  the  paper,  which  is  wound  on  another 
revolving  cylinder. 

The  author  will  dismiss  in  a  very  few  words,  for  brevity's  sake,  the 
consideration  of  the  Platen  and  Cylinder  machines.  Each  machine  has 
special  advantages  and  disadvantages.  In  high-class  book  printing  it 
is  of  the  greatest  importance  that  the  most  perfect  clearness  should  be 
obtained,  and  the  very  slightest  movement  of  the  type  or  paper  during 
any  period  of  their  contact  is  of  course  fatal  to  the  best  results.  Again, 
seeing  that  absolute  perfection  of  level  in  type  and  tables  is  not 
attainable,  and  that  a  print  taken  on  perfectly  flat  paper  from  an 
uneven  forme  would  give  a  variety  of  impression  objectionable  for 
high-class  printing,  a  process  called  "  making  ready "  is  required, 
which  consists  in  underlaying  the  sheet  of  paper  to  be  printed  with 
something  to  compensate  for  inequalities  of  surface  in  the  type,  so 
that  a  uniformly  deep  impression  may  be  obtained.  Bearing  this 
necessity  in  mind,  we  can  realise  to  some  extent  the  extreme 
importance  of  accurate  "  register  " ;  by  which  is  meant  that  the  two 
surfaces,,  so  adapted  to  each  other  as  to  give  at  all  parts  uniform 
impression  to  a  body  so  thin  as  a  sheet  of  paper,  should  meet,  every 
time  they  come  together,  precisely  as  they  are  arranged  to  meet  and 
not  otherwise.  Especially  is  this  important  when  woodcuts  or  other 
illustrations  are  embraced  in  the  matter  to  be  printed,  seeing  that 
theso  require  the  most  careful  and  accurate  underlay  and  register,  to 
give  a  really  good  result.  It  is  hardly  necessary  to  say  that,  other 
things  being  equal,  the  greatest  accuracy  may  be  obtained  by  a 
perfectly  flat  impression  on  a  perfectly  flat  and  motionless  table,  and 
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hence  that  the  Platen  machine  in  one  of  its  many  admirable  forms 
should  be  used  for  the  finest  work. 

It  is  often  however  of  great  importance,  and  especially  in  the 
case  of  periodical  literature,  that  a  rapid  rate  of  production  of 
copies  should  be  obtained  ;  and  it  is  further  important  that  this 
reproduction  should  be  secured  with  as  small  an  expenditure  as 
possible ;  and  thus  high  finish  and  extreme  accuracy  must  be 
somewhat  sacrificed.  As  in  steel  engraving  the  artist's  proof  is 
succeeded  by  the  proof  after  lettering,  so  in  letterpress  printing,  for 
more  rapid  work,  the  Platen  gives  way  to  the  Cylinder  machine. 
In  the  Cylinder  machine  both  cylinder  and  type  are  moved  during 
the  progress  of  the  impression,  with  the  risk  of  slight  variations 
in  the  simultaneous  movement,  and  therefore  of  some  defect  in 
impression ;  and  with  the  further  risk  of  less  accurate  register,  or 
less  perfect  coincidence  of  the  adapted  surfaces.  These  .risks  are 
conrpensated  and  provided  for  to  a  very  great  degree  by  many  most 
ingenious  devices  ;  but  with  every  appliance  and  provision  it  is  yet 
impossible  to  combine  great  speed  of  production  with  the  highest 
accuracy  and  beauty  of  result. 

The  third  group  of  letterpress  printing  machines  are  formed  by 
the  Eotary  machines,  in  which  cylinders  are  employed  both  for  type 
and  for  impression,  and  in  many  of  which  newspapers  are  printed  from 
continuous  rolls  of  paper  at  a  rate  of  production,  wbich  a  very  few  years 
ago  would  have  been  regarded  as  altogether  incredible.  One  of  the 
first  and  most  important  requisites  for  the  efficiency  of  a  quick 
running  rotary  machine  is  the  use  of  stereotype  plates  instead  of  type. 
If  ordinary  type  were  used,  then,  even  if  the  difficulty  of  setting  it  in  a 
circular  form  could  be  quite  obviated,  and  if  it  were  then  so 
tightly  bound  in  its  place  as  by  the  pressure  almost  to  elongate  the 
type,  yet  the  alternate  action  due  to  centrifrugal  force  in  one 
direction  and  the  pressure  of  the  impression  cylinder  in  the  other — 
combined  (if  the  type  cylinder  was  horizontal)  with  the  action  of 
gravity  on  a  weighty  mass  of  type,  alternately  tending  to  open  and 
close  the  arch  into  which  the  type  must  be  built — these,  with  the  jar 
and  shake  to  which  the  movement  of  the  machinery  would  necessarily 
subject  it,  would  involve  extreme  risk  of  the  whole  forme  of  type 
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breaking  loose.  Besides,  if  the  printing  was  done  from  a  type  forme,  the 
whole  edition  must  be  printed  from  that  forme,  unless  a  duplicate 
was  set  up — an  expense  too  great  to  be  incurred  ;  and  the  production 
would  be  proportionately  slow.  By  stereotyping  however  any 
number  of  duplicate  formes  can  be  obtained ;  and  thus  double 
printing  machines,  and  many  of  them,  can  be  employed  simultaneously 
in  printing  the  same  paper. 

The  fundamental  requisite  for  Eotary  printing  machinery  may 
therefore  be  said  to  be  the  use  of  stereotype  plates.  The  process 
employed  in  the  production  of  these  plates  is  so  simple,  rapid, 
and  inexpensive,  the  results  are  so  absolutely  perfect,  and  the 
multiplication  of  copies  is  so  easy  (a  matter  of  the  utmost  importance), 
that  it  appears  to  the  author  any  effort  to  overcome  the  difficulties 
just  referred  to,  as  pertaining  to  the  use  of  type,  would  be  entirely 
misdirected. 

Rotary  machines  for  newspapers  are  made  on  two  systems,  in  one 
of  which  the  paper,  in  separate  sheets,  is  supplied  to  the  machine  from 
a  number  of  tables  in  succession,  and  printed  on  one  side ;  it  is  then 
usually  transferred  to  a  second  similar  machine,  to  be  printed  on  the 
other  side  by  a  second  similar  process.  In  the  other  system  the  paper 
forms  a  continuous  roll,  which  is  printed  on  both  sides  and  separated 
into  sheets  by  the  action  of  a  single  machine. 

In  order  to  describe  the  machinery  of  the  Chronicle  office  to 
the  best  advantage,  it  will  be  convenient  first  to  give  some  account 
of  the  operation  and  arrangements  of  a  newspaper  office  before 
presswork  begins ;  then  to  describe  the  printing  machinery ;  and 
thence  to  trace  the  newspaper  to  its  delivery  as  a  completed  article. 

Without  actually  seeing  it,  it  is  difficult  to  realise  the  scene  of 
activity  presented  in  a  daily  newspaper  office  from  nine  or  ten  at  night 
till  the  hour  of  publication  ;  and  the  extent  to  which  the  most  careful 
organisation  and  tbe  most  exact  discipline  and  method  contribute 
to  achieve  rapidity  of  execution  without  hurry,  and  an  enormous 
accumulation  of  work  without  confusion.  About,  nine  o'clock  at 
night,  with  the  exception  of  a  few  repeated  advertisements  kept 
standing  from  the  previous  day's  issue,  not  a  type  of  the  paper  has 
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been  set.  There  is  a  considerable  accumulation  of  "  copy  "  however, 
which  is  distributed  in  detached  portions  to  a  large  number  of 
compositors.  The  compositors  work  with  no  great  rapidity  of 
movement,  apparently  indeed  with  great  deliberation  ;  it  is  found 
however  that  the  best  result  is  by  no  means  necessarily  associated 
with  apparent  rapidity.  The  detached  portions  of  the  earliest  copy, 
on  being  set  up,  are  brought  together  in  the  form  of  a  part  of  a 
column.  Slip  proofs  of  this  are  taken  from  the  type  itself,  in  a 
small  baud  press  in  the  compositors'  room.  The  slip  is  compared 
with  the  copy  by  readers  in  separate  side  offices,  one  reading  aloud 
from  copy  with  great  rapidity  and  close  regard  to  new  sentences, 
capitals,  stops,  and  verbal  accuracy,  but  apparently  with  the  most 
entire  disregard  of  the  meaning  conveyed  ;  and  the  other  correcting 
the  printed  slip.  The  •corrections  (wonderfully  few  in  number)  are 
made  in  the  forme ;  and  it  passes  to  another  table  for  arrangement 
into  columns,  and  then  into  pages. 

The  first  pages  are  usually  advertisements  ;  and  as  arranged  they 
form  a  level  sheet  of  type  on  a  level  iron  table.  There  they  are 
locked  securely  by  screws  and  wedges  into  a  frame  or  chase,  which 
enables  the  whole  to  be  safely  handled  without  risk  of  displacement. 
As  each  page  is  thus  completed,  it  passes  to  the  stereotype  room. 
There  a  wet  sheet  of  a  species  of  papier  mache  is  laid  over  it,  covered 
with  a  spongy  blanket,  and  this  is  pressed  into  the  forme  of  type  by 
being  passed  through  a  roller  press,  which  ensures  accurate  contact 
with  the  surface  and  recesses  of  the  type  at  every  part.  It  is  then 
covered  with  a  somewhat  elastic  blanket  pad,  to  retain  contact  and  to 
allow  the  escape  of  steam,  and  the  whole  is  placed  in  a  powerful  screw 
press,  which  is  at  the  same  time  heated  by  steam.  In  a  very  brief 
space  of  time  the  moisture  of  the  papier  mache  is  driven  off,  and  a 
matrix  of  something  like  cardboard  is  produced,  deeply  indented 
by  the  type,  and  presenting  the  letters  as  we  see  them  when  printed. 

This  papier-mache  matrix  is  bent  into  a  circular  shape  in  the 
direction  of  the  height  of  the  page,  and  is  placed  in  a  mould 
having  the  required  curvature.  This  mould  swings  upon  trunnions, 
and  has  a  hinged  cover,  fitting  accurately  at  the  sides  and  bottom 
and   with   an   opening   left   at   top,   which    hinged    cover    can    be 
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shut  down  and  well  secured  to  the  case.  When  the  mould  is 
thus  closed,  with  the  paper  matrix  within  it,  it  is  placed  in  an 
inclined  position  on  its  trunnions,  and  a  ladleful  of  melted  type- 
metal  is  poured  in  through  the  opening.  The  metal  almost  instantly 
sets ;  the  mould  is  opened ;  the  casting  is  slightly  Bwabbed  with 
damp  cloths,  to  correct  the  brittleness  due  to  its  heat,  and  is  then 
removed  to  a  sort  of  saddle  furnished  with  planing  appliances  and 
revolving  cutters.  Here  the  edges  are  trimmed  and  bevelled ;  and, 
if  any  large  blank  spaces  exist,  where  the  elasticity  of  the  inking 
rollers,  or  of  the  blanket  on  the  impression  cylinder,  afterwards  to 
be  described,  might  produce  an  undesired  impression,  some  extra 
cutting  out  of  the  centre  of  such  parts  is  performed.  The  stereotype 
plate  thus  formed  is  then  ready  for  the  press,  and  passes  by  a 
hydraulic  lift  to  the  machine  room,  where  it  is  placed  on  the  machine. 
Any  further  number  of  casts  from  the  same  matrix,  that  may  be 
desired,  are  made  in  the  meantime,  and  follow  in  succession. 

While  the  first  pages  are  being  made  up,  stereotyped,  and 
placed  upon  the  machine,  copy  for  the  later  pages  is  continually 
accumulating,  in  the  shape  of  superabundant  supplies  of  Press 
Association  telegrams,  a  continual  current  of  private-wire  despatches, 
transcripts  of  notes  or  telegrams  from  "  our  own  reporters," 
stereotyped  weather  chart  and  forecasts  arriving  by  train  from 
London,  leading  articles,  &c,  &c.  A  selection  and  condensation  of 
these  supplies  having  been  made,  and  the  copy  distributed,  a 
continual  inflow  of  type,  and  repetition  of  the  process  already 
described,  goes  steadily  on.  As  the  time  of  publication  draws  near, 
the  compositors  work  shorter  strips  than  at  an  earlier  part  of  the 
night,  so  as  each  to  spend  a  comparatively  short  time  on  the  latest 
news,  and  to  set  up  the  last  columns  with  great  rapidity.  With  the 
first  pages  of  the  newspaper  there  is  no  extraordinary  press  in  the 
stereotype  room :  but  with  the  last  page  the  operation  is  timed  to  a 
second,  and  recorded  for  the  manager  daily.  No  expense  is  spared, 
and  no  expedient  by  which  a  moment  can  be  saved  is  neglected.  As 
a  result  it  is  on  record  that,  from  the  arrival  of  the  type  in  the 
stereotyjie  room  to  the  departure  of  four  finished  stereotype  plates  to 
the    machine   room,   including  all    the   operations   described,   only 
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twenty-five  minutes  have  been  required,  the  second  and  following 
plates  requiring  only  three  minutes  each  for  their  completion. 

As  the  stereotype  plates  are  completed,  they  are  attached  to  the 
cylinders  of  the  printing  machine,  and  secured  firmly  by  their  bevelled 
edges,  by  means  of  sliding  cramps  worked  by  screws.  "When  the  last 
plate  is  attached  the  press  is  ready  for  work.  The  printing  machine 
at  the  Chronicle  office  consists  of  two  type  cylinders  A1  A2,  Fig.  1, 
Plate  72,  7  ft.  long  and  4  ft.  in  circumference,  on  which  the  stereotype 
plates  are  fixed ;  and  of  two  impression  cylinders  Bx  B2,  of  equal 
length,  and  covered  with  fine  blanket  over  india-rubber,  which  serve  to 
press  the  paper  against  the  type.  Each  of  the  type  cylinders  is  furnished 
with  a  train  of  inking  and  distributing  rollers  C  C,  composed  of  glue 
and  glycerine  mixed  in  certain  proportions,  so  as  to  ensure  the  re- 
quisite tenacity  and  elasticity,  and  also  a  peculiar  character  of  surface 
necessary  for  the  proper  distribution  of  the  ink.  These  rollers  are 
driven  by  surface  friction  on  the  type  cylinder,  and  have  therefore 
a  surface  speed  equal  to  that  of  the  type  cylinder.  They  have  each, 
in  addition  to  this  rotary  movement,  a  reciprocating  or  waving 
movement  in  the  direction  of  the  axis,  so  as  more  perfectly  to 
distribute  the  ink.  The  inking  rollers  are  supplied  by  means  of  an 
intermediate  roller  I  from  a  ductor  roller  D  working  in  an  ink  reservoir. 
The  intermediate  roller  I  is  alternately  in  rapid  rotation  and  nearly 
at  rest,  as  it  is  made  to  oscillate  at  short  intervals  from  contact  with 
the  inking  rollers,  which  rotate  very  rapidly,  to  contact  with  the 
slowly  moving  ductor  roller.  The  supply  of  ink  to  the  ductor 
roller  is  regulated  at  short  intervals  along  its  whole  length  by 
means  of  many  small  adjustable  thumb-screws,  bearing  upon  a 
scraper  placed  close  to  the  ductor  roller;  an  arrangement  which 
results  in  giving  an  almost  perfectly  uniform  supply  at  each  part. 

The  roll  of  paper  P,  supplied  to  the  machine,  varies  of  course  in 
dimensions  with  the  size  of  the  newspaper  to  be  printed.  The  largest 
rolls  are  7  ft.  long  and  2  ft.  6  in.  diameter,  the  weight  of  each  roll 
being  about  1300  lbs.,  and  the  length  4  miles.  Smaller  rolls  of 
5  ft.  x  2  ft.  6  in.  are  also  used. 

The  roll  of  paper  is  prepared  for  the  machine  the  day 
before,   or  several   days   before,  by  a  damping  process;   in   which 
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it  is  unwound  from  its  original  roll  and  re-rolled  on  another, 
after  application  of  moisture  to  the  extent  of  about  4  per  cent,  of 
its  weight.  In  some  printing  machines,  even  for  very  high  speeds, 
the  previous  damping  process  is  omitted,  and  damping  arrangements 
are  attached  to  the  printing  machine  itself;  but  in  this  case,  owing 
to  the  extreme  rapidity  with  which  the  paper  flies  through  the 
machine,  however  evenly  the  moisture  may  be  supplied,  it  must,  in 
the  writer's  opinion,  meet  the  type  while  yet  glistening,  so  to  speak, 
on  the  surface  of  the  paper,  rather  than  with  the  paper  mellowed 
throughout  its  substance,  as  it  is  by  an  interval  of  rest  after  damping. 
And  the  saving  effected  by  omitting  the  separate  process  of  damping 
is  so  slight,  that  it  will  probably  be  thought  that  this  disadvantage 
outweighs  it  greatly. 

The  slightly  damped  roll  of  paper  P,  of  the  dimensions  described, 
Fig.  1,  Plate  72,  is,  in  the  Neivcastle  Daily  Chronicle  office,  lifted  by 
a  hydraulic  crane  on  to  two  supports  above  the  centre  of  the  printing 
machine ;  and  a  small  weighted  brake  strap  S  is  applied,  to  prevent 
overrunning  and  to  give  uniformity  of  tension.  The  pressure  of  the 
brake  can  be  regulated  by  the  attendant  at  will.  The  end  of  the  web 
or  ribbon  of  paper  is  passed  under  a  guiding  roller,  is  placed  between 
the  first  type  and  impression  cylinders  Al  and  B1?  and  is  guided  from 
thence  to  pass  between  the  second  type  and  impression  cylinders  A2 
and  B0.  The  machine  may  now  be  slowly  started  ;  which  is  done  by 
ordinary  fast  and  loose  pulleys  and  shifting  gear,  the  belt  slipping 
somewhat  as  it  moves  from  the  loose  on  to  the  fast  pulley,  so  that  the 
starting  is  not  absolutely  sudden.  The  pull  of  the  paper  alone  causes 
the  revolution  of  the  paper  roll,  which  of  course  varies  in  size  every 
moment ;  the  impression  parts  of  the  machine  however  are  accurately 
geared  together,  so  as  to  preserve  the  most  exact  register.  An  ingenious 
apparatus  is  fixed  on  the  machine  for  the  adjustment  of  register. 
The  passage  between  the  first  type  and  impression  cylinders  Ax  and  Bx 
prints  one  side  of  the  paper ;  and  the  passage  between  the  second 
type  and  impression  cylinders  A2  and  B2  (the  other  side  of  the  paper 
being  now  turned  to  the  type)  prints  the  reverse  side.  The  second 
type  cylinder  A2  is  of  exactly  the  same  size  as  the  first ;  but  the  second 
impression  cylinder  B2  is  made  three  times  the  size  of  the  first,  and 
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runs  at  one-third  the  number  of  revolutions.  The  reason  for  this 
arrangement,  which  is  one  of  the  peculiarities  of  the  Hoe  machine,  is 
as  follows.  The  newly  printed  surface  of  the  first  side  of  the  paper 
comes  in  contact  with  the  blanket  of  the  second  impression  cylinder, 
while  the  second  side  is  being  printed ;  and  the  ink  being  perfectly 
fresh  and  slightly  wet,  a  small  portion  of  it  adheres  to  the 
blanket.  The  continual  succession  of  sheets  by  degrees  accumulates 
so  much  ink  on  this  second  blanket  that  it  begins  to  part  with  some 
of  it  to  the  paper,  so  as  to  disfigure  it ;  and  the  blanket  must  then 
be  reversed  or  changed.  If  the  impression  cylinder  were  the  same 
size  as  the  type  cylinder,  the  printing  of  about  50,000  copies 
would  necessitate  a  change  of  blanket  and  a  consetpient  loss  of 
precious  time.  Therefore,  to  diminish  this  "  set-off,"  as  it  is  called, 
the  diameter  is  increased  three  times ;  and  thus,  with  the  aid  of  some 
drying  on  tbe  blanket  itself,  as  many  as  250,000  copies  can  be 
printed  without  change  of  blanket. 

When  the  paper  is  thus  printed  on  both  sides,  the  still  continuous 
web  passes  between  a  third  pair  of  cylinders  E  E,  of  equal  diameter 
with  the  type  cylinders  ;  this  third  pair  of  cylinders  is  employed  to 
divide  the  separate  papers  transversely  from  the  continuous  web.  A 
very  ingenious  arrangement  here  comes  into  play.  One  of  tbe  cylinders 
is  provided  with  a  fixed  serrated  knife  F,  and  a  pair  of  slightly 
projecting  slips  of  wood  running  its  whole  length.  These  slips  of 
wood  are  pressed  outwards  by  means  of  springs  behind  tbem  ;  so  that, 
as  these  come  round,  the  paper  is  caught  and  held  for  a  fraction  of 
a  second  (although  not  arrested  in  its  course),  by  these  strips  bearing 
against  the  other  cylinder.  At  the  same  moment  the  serrated  knife, 
which  had  been  as  it  were  ensheathed  between  the  slips  of  wood, 
passes  through  part  of  the  paper  held  between  the  two  grips 
described,  into  a  narrow  groove  in  the  other  cylinder ;  and  thus, 
without  straining  the  web,  the  knife  nearly  but  not  quite  severs  the 
paper  in  the  direction  of  its  width.  The  web  of  paper  is  still 
continuous,  by  reason  of  several  small  unsevered  intervals,  but  it  is 
so  weakened  that  a  slight  pull  will  complete  the  severance.  The 
continuity  is  however  preserved  for  a  brief  interval  of  time,  and  the 
paper  is  led  into  an  arrangement  of  lightly  touching  tapes,  intended 
to  convey  it  into  its  nest  position. 
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This  next  position  is  on  a  combined  gathering  and  folding 
cylinder  G,  of  larger  diameter  than  the  impression  cylinder,  but  running 
at  an  equal  number  of  revolutions,  and  therefore  at  a  higher  surface 
speed.  The  tapes  leading  to  this  cylinder  have  the  same  accelerated 
speed.  The  consequence  of  this  arrangement  is  that,  when  the 
forward  edge  of  the  web  of  paper  is  pressed  between  the  cylinder 
and  the  tapes,  a  strain  due  to  the  accelerated  speed  is  applied,  and 
the  severance  of  the  separate  sheets  at  the  nearly  severed  part  is 
completed :  while  in  addition  a  regulated  space  of  a  few  inches, 
representing  the  difference  in  circumference  between  this  gathering 
cylinder  and  the  type  cylinder,  is  left  at  the  end  of  each  sheet.  In 
this  space  the  grippers  of  the  gathering  cylinder  have  room  to  operate. 

The  rate  at  which  the  newspapers  are  delivered,  upwards  of  five 
per  second,  is  too  great  to  allow  each  singly  to  be  deposited  on  a  board 
by  reciprocating  fliers ;  and  therefore  if  it  be  desired  to  deposit  the 
sheets  open,  that  is  to  say  unfolded,  they  are  first  gathered  on  the 
combined  gathering  and  folding  cylinder  G  ;  which  is  also  a  peculiarity 
of  the  Hoe  machine.  If  this  cylinder  be  arranged  to  act  as  a  gathering 
cylinder  only,  Fig.  1,  Plate  72,  it  receives  and  retains  a  sheet  at  each 
revolution,  until  5,  6,  7,  or  any  predetermined  number,  are  collected 
upon  it,  one  above  the  other.  The  accumulation  being  complete,  the 
points  of  a  series  of  switches  H  are  quickly  rocked  into  grooves  on  the 
cylinder  G,  just  as  the  space  between  the  ends  of  the  sheets,  before 
referred  to,  is  passing  in  front  of  them ;  they  thus  run  beneath  the 
sheets,  and  direct  them  off  in  a  body  to  the  fliers  K,  which  deposit 
them  on  a  table  L.  If  two  copies  are  printed  side  by  side,  as  is 
usually  done,  a  longitudinal  cutting  arrangement  is  also  required. 
This  consists  of  a  circular  cutter  M  revolving  in  a  closely  fitting 
recess  of  the  cutting  cylinder  beneath  it,  while  the  web  of  paper 
passes  between  the  two. 

If  the  papers  are  to  be  deposited  folded,  a  separate  folding 
machine,  Figs.  2  and  3,  Plate  73,  is  attached  to  the  frame  of  the 
printing  machine ;  the  gathering  arrangement  of  the  combined 
gathering  and  folding  cylinder  G  is  thrown  out  of  gear,  and  the 
folding  arrangements  are  set  in  action :  and  the  combined  cylinder 
G  becomes  the  first  piece  of  mechanism   of  the  folding  machine. 
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The  folding  arrangements  of  this  cylinder  consist  of  a  flat  double- 
edged  revolving  folding-blade  K,  Figs.  4  to  6,  which  rotates 
intermittently  in  its  own  bearings,  near  the  surface  of  the  cylinder. 
This  blade  when  at  rest  lies  flat  with  the  periphery  of  the  cylinder  G, 
Figs.  4  and  6,  and  forms  as  it  were  a  continuation  of  it.  Its  position 
in  the  cylinder  is  nearly  opposite  to  that  of  the  grippers  J,  so  that 
the  centre  of  a  sheet  of  which  the  edge  is  held  by  the  grippers  will 
overlie  the  leading  edge  of  the  folding  blade  K.  In  the  folding 
machine,  close  to  the  gathering  cylinder  G,  a  pair  of  folding  rollers 
E  are  located ;  and,  as  the  gathering  cylinder  revolves  with  a  sheet 
upon  it,  and  the  folding  blade  comes  round  to  these  rollers,  Figs.  4 
and  5,  the  blade  is  caused  by  the  action  of  a  guiding  cam  to  make 
a  rapid  semi-revolution  in  the  opposite  direction  to  the  motion  of 
the  cylinder.  The  position  and  shape  of  the  cam  are  such  that 
the  leading  edge  of  the  blade,  in  rotating  and  while  protruding  from 
the  cylinder,  describes  approximately  a  hypocycloidal  curve,  the 
effect  of  which  is  that  the  blade  inserts  the  centre  of  the  sheet  neatly 
between  the  folding  rollers  E,  and  then  itself  withdraws  again.  At 
the  same  instant  the  grippers  J  release  the  forward  edge  of  the  sheet, 
and  it  is  drawn  backwards,  while  the  rear  end  is  drawn  forwards, 
by  the  folding  rollers ;  and  thus  the  first  fold  is  given,  Fig.  6,  and 
the  gathering  cylinder  G  becomes  so  far  clear  for  another  paper. 
The  folding  rollers  E  are  set  up  against  each  other,  and  held  in  that 
position,  by  springs,  so  as  to  introduce  some  elasticity  in  the  hold 
upon  the  paper.  When  the  beginning  of  the  doubled  paper  passes  out 
of  the  first  folding  rollers  E,  it  meets  with  a  switch  arrangement  S, 
Fig.  2,  which  diverts  every  alternate  paper  upwards  or  downwards 
into  a  position  whence  it  is  carried  by  one  or  other  of  two  series  of 
tapes  to  two  second  pairs  of  folding  rollers  Ex  and  E2,  with 
reciprocating  blades.  From  these  it  takes  its  second  fold,  at  right 
angles  to  the  first,  and  finally  passes  into  new  guiding  tapes,  so 
timed  and  so  arranged  that  two  folded  papers  are  laid  down  together 
by  each  of  four  sets  of  reciprocating  fliers  M,  Fig.  3,  on  one  of  four 
tables  N  ;  each  movement  of  a  flier  thus  representing  the  completion 
of  eight  papers. 

There  is  a  counting  arrangement  attached,  by  which  not  only 
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can  the  number  of  papers  printed  be  registered,  but  tliey  are  even 
delivered  automatically  in  counted  parcels  or  quires.  When  the 
papers  have  been  delivered  by  the  machines,  they  arc  conveyed  by 
boys  to  the  despatch-room  hoists,  and  are  there  rolled  in  definite 
numbers  and  secured  in  previously  addressed  wrappers  ;  to  be  finally 
despatched  to  various  trains,  or  in  conveyances,  as  required. 

The  production  of  a  machine,  such  as  described,  is  about  20,000 
perfected  copies  per  hour.  The  Newcastle  Daily  Chronicle  Office  is 
arranged  for  five  such  machines,  although  only  one  has  yet  been 
erected. 

The  Chronicle  Office  contains  a  variety  of  hydraulic  macbinery 
supplied  by  Sir  W.  G.  Armstrong  &  Co.,  and  comprising  three 
hydraulic  lifts,  two  hydraulic  cranes,  and  one  hydraulic  hoist. 
Thus  the  paper  need  never  be  lifted  by  hand  until  it  is  ready  for  the 
despatch  department,  where  it  is  usually  divided  into  such  parcels  as 
may  be  conveniently  handled.  The  cranes  are  arranged  to  supply 
paper  to  two  machines,  and  there  are  two  lifts  to  supply  the  despatch 
department,  so  that  one  can  be  filled  and  the  other  emptied 
simultaneously.  The  cranes  and  hoists  are  arranged  to  run  their 
chains  out  without  the  usual  counterweight,  so  that  only  the  weight 
of  the  hook  and  part  of  the  chain  need  be  dealt  with  in  hooking 
on  or  off.  The  working  of  the  hydraulic  machinery  is  all  that  can 
be  desired.  Extraordinary  precautions  of  various  kinds  are  adopted 
in  the  way  of  duplicate  appliances,  in  case  it  should  be  necessary  to 
effect  repair  or  alteration  to  any  part.  Any  one  of  three  boilers,  for 
instance,  can  be  used  for  either  of  four  separate  large  engines,  each 
of  which  can  be  made  to  work  either  of  two  lines  of  shafting,  and 
so  on. 

Amongst  the  advantages  pertaining  to  the  use  of  the  printing 
machine  here  described  may  be  mentioned ; — first,  its  enormous 
production ;  next,  that  the  web  perfecting  machine,  as  compared  with 
the  old  form  of  rotary  machine  (which  will  also  be  seen  in  operation), 
saves  not  only  time,  but  also  a  considerable  percentage  of  wasted 
paper,  due  to  the  imperfections  of  hand-feeding;  next,  that  it  is 
suitable  at  once  for  the  largest  size  of  newspaper  printed  and  also  for 
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various  smaller  sizes  (the  folding  machine  being  made  telescopic,  so 
as  to  suit  differences  of  size) ;  next,  that  it  is  remarkable  for  the 
clearness  of  its  impression ;  and  lastly,  that,  owing  to  its  steadiness 
and  uniformity  of  pull,  the  lightest  paper  may  be  employed. 

In  conclusion,  the  writer  has  pleasure  in  recording  his  thanks  to 
Messrs.  Hoe  and  Co.  for  their  great  courtesy  and  kindness  in  furnishing 
him  with  drawings,  and  explaining  many  details  which  he  would 
otherwise  have  found  it  very  difficult  to  put  before  the  meeting. 
Still  more  does  he  feel  it  to  be  a  pleasure  and  duty  to  express  his 
thanks  to  the  proprietors  of  the  Newcastle  Chronicle,  and  to  Mr.  K.  B. 
Eeed  in  particular,  for  assistance  afforded  in  compiling  and 
illustrating  this  paper. 


Discussion  on  Printing  Machinery. 

Mr.  A.  L.  Steavenson  said  it  would  be  interesting  to  know  how 
wood-cuts  were  introduced  in  similar  cases.  He  saw  present  the 
representatives  of  several  engineering  papers  which  were  illustrated 
in  an  admirable  manner,  and  perhaps  they  would  explain  how  wood- 
cuts were  introduced. 

The  President  asked  if  wood-cuts  could  be  introduced  with  the 
type,  so  as  to  give  a  papier-mache  impression. 

Mr.  Jameson  said  there  were  no  wood-cuts  used  in  the  Newcastle 
Chronicle.  They  could  be  introduced  with  the  type  so  as  to  give  a 
papier-mache  impression ;  but  this  could  be  done  only  to  a  limited 
extent,  and  not  very  accurately. 

Mr.  P.  F.  Nursey  said  illustrated  papers  as  a  rule  were  not 
printed  on  rotary  machines;  and  consequently  the  wood-cuts  were 
inserted  in  the  flat  formes.  Instances  sometimes  occurred  in  which 
wood-cuts  were  used  in  the  daily  papers  printed  from  rotary 
machines,  as  was  the  case  occasionally  in  the  Times. 

2  s  2 
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Mr.  IT.  S.  Hele  Shaw  observed  that  the  blanket  on  the  second 
impression  roller  B2,  Plate  72,  did  not  appear  to  be  continuous. 
Were  the  smaller  rollers,  there  shown  within  the  large  roller  B2, 
an  arrangement  for  changing  the  surface  of  the  blanket  without 
taking  it  off  the  larger  one  ? 

Mr.  Jameson  said  the  object  of  putting  the  blanket  on  the  roller 
in  the  way  arranged  was  to  ensure  its  tightness,  and  was  merely  for 
the  facility  of  placing  it  on  the  roller.  It  was  net  changed  by  rolling 
round  one  part  or  another;  but  was  simply  taken  off  bodily  when 
dirty. 

The  President  did  not  know  whether  he  ought  not  to  say  a  few 
words  on  the  paper,  his  father  having  been  the  first  to  make  a 
successful  printing  machine  for  printing  newspapers  or  books.  On 
p.  517  of  the  paper  a  description  was  given  of  the  mode  of  distributing 
the  ink,  and  he  could  hardly  avoid  referring  to  it,  because  it  was  as 
complete  a  description  of  the  original  process  introduced  in  1818  as 
it  was  possible  to  give.  Indeed  there  was  at  present  no  other  mode 
of  distributing  the  ink  perfectly  than  by  the  end  motion  of  the 
inking  rollers,  combined  with  their  revolution.  The  distributing 
rollers  were  compelled  to  move  endways,  either  by  a  waving  frame, 
as  in  the  first  machines  made  by  his  father,  or  by  putting  a  diagonal 
roller  upon  the  inking  table  when  the  forme  was  flat :  the  ink 
requiring  distribution  not  only  lengthways  but  sideways.  It  was 
evident  on  looking  at  an  ordinary  book  that  if  the  ink  were  taken 
off  the  roller  over  the  type,  but  not  over  the  margin,  it  must  accumulate 
on  the  roller  over  the  margin,  unless  it  was  distributed.  By  the  end 
motion  across  the  type,  there  was  a  perfect  distribution  of  ink  over 
the  whole  surface.  That  was  carried  out  in  practice  in  every  printing 
machine  in  one  way  or  another. 

The  arrangement  of  the  machine  described  appeared  to  be 
extremely  complete.  One  point  wras  especially  worthy  of  notice — 
the  power  of  working  different  widths  of  paper,  going  up  to  7  ft. 
He  did  not  know  whether  with  narrower  sheets  it  was  found 
necessary  to  put  overlaying,  on  account  of  the  cylinders  springing. 
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He  presumed  that  the  5  ft.  width  would  be  printed  in  the  middle 
of  the  length  of  7  ft. ;  otherwise  he  should  imagine  tliat  there 
might  be  an  unequal  sjn'ing  of  the  roller.  He  agreed  with  the 
author  in  what  he  said  about  damping  the  paper.  It  was  much 
better  to  have  the  paper  in  a  mellow  condition  than  in  the  condition 
in  which  it  was  sometimes  put  through,  with  a  slight  shower  on  the 
surface,  and  without  being  thoroughly  damped.  The  speed  of  printing 
— 20,000  copies  an  hour — was  very  high,  and  he  believed  it  was 
about  as  fast  as  anything  that  had  been  clone.  At  the  time  his  father 
invented  the  first  printing  machine  he  used  a  rotary  machine,  but 
long  sheets  of  paper  were  not  then  to  be  had :  and  there  was  another 
thing  which  was  at  the  root  of  the  whole  matter,  as  had  been  truly 
stated,  namely  the  casting  of  stereotype  plates.  It  was  a  fact  not 
commonly  known  that  a  Frenchman  named  Pomba  made  paper 
moulds  about  1830,  as  much  like  those  exhibited  as  possible; 
but  he  did  not  hit  upon  the  plan  of  putting  the  papier-mache  mould 
into  a  cylinder  and  running  the  metal  against  it,  so  as  to  cast  a 
curved  stereotype  plate.  It  was  only  intended  to  make  flat  plates. 
By  his  father's  process  the  plates  were  made  flat  and  then  bent. 
That  plan  was  good,  though  not  quite  perfect,  and  a  considerable 
amount  of  printing  had  been  done  in  that  way.  All  Day  &  Martin's 
blacking  labels  had  been  printed  in  red  and  black  in  register,  from 
curved  stereotype  plates;  they  were  cast  flat  first,  and  then  curved 
by  means  of  rollers.  But  the  new  mode  of  casting  plates  in  the  form 
of  a  cylinder  was  as  near  perfection  as  anything  could  be;  he 
believed  it  was  the  invention  of  M.  Delagoue.  It  involved  an  interval 
of  only  20  or  25  minutes  between  the  arrival  of  the  type  in  the 
stereotype  room  and  the  supply  of  the  stereotype  plates  to  the 
printing  room ;  and  he  believed  that  in  the  Times  office,  under  the 
excellent  management  of  Mr.  Macdonald,  it  had  been  done,  and  ten 
copies  printed,  in  19^  minutes,  or  in  20  minutes  frequently.  He 
thought  they  ought  to  thank  Mr.  Jameson  heartily  for  his  paper — 
one  of  the  first  they  had  had  upon  printing  machinery. 

Mr.  Jameson  said  it  was  only  necessary  for  him  to  answer  one 
question,    with   regard   to    the    spring   of  the  impression  cylinder, 
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Plate  72.  The  second  impression  cylinder  B2  was  of  course  very 
strong,  and  this  supported  the  first  cylinder  B15  so  that  they  were 
both  perfectly  steady :  there  was  also  a  subsidiary  inking  roller  X 
above  each  of  the  type  cylinders  Ax  A2,  and  by  means  of  this  all 
shake  was  taken  off,  so  that  no  overlaying  was  required  in  printing 
7  ft.  or  5  ft.  sheets.  They  were  printed  in  the  centre  of  the  roller 
length,  without  spring  of  any  consequence  being  occasioned. 
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ON  SOME  RECENT  IMPROVEMENTS  IN 
LEAD  PROCESSES. 


13  v  Mb.  NORMAN  0.  COOKSON,  of  Newcastle. 


In  few  trades  have  a  smaller  number  of  changes  been  made, 
during  recent  years,  in  tbe  processes  employed,  than  in  that  of  Lead 
Smelting  and  Manufacturing. 

In  the  North  of  England  we  find  the  old  Scotch  ore  hearth  and 
the  slag  hearth  still  in  operation,  and  by  the  former  the  bulk  of  our 
local  ores  are  smelted. 

In  the  next  stage  of  manufacture — desilverizing — we  find  the 
"  Pattinson  process  "  worked  substantially  in  the  same  way  as  when 
originally  introduced  by  the  late  Mr.  Hugh  Lee  Pattinson,  in  the 
year  1833 ;  in  some  cases  with  a  few  improvements,  but  generally 
unchanged.  By  this  process,  locally  termed  "  separating,"  most  of 
the  silver  lead  is  operated  on ;  but  of  late  years  two  other  processes, 
presently  to  be  described,  have  been  largely  worked  on  the  Tyne. 

In  sheet  lead  rolling,  there  is  no  alteration  in  principle  since  the 
time  when  the  first  mill  took  the  place  of  the  old  casting-floors, 
some  centuries  ago.  But  in  a  mill  put  up  a  few  years  since  by  the 
writer's  firm  many  very  important  improvements  in  detail  were 
introduced. 

In  pipe  manufacturing,  the  only  change  is  from  pipe-drawing  to 
pipe-pressing,  by  means  of  the  hydraulic  press ;  and  in  the  modern 
pipe  press  solid  cores  are  now  used,  almost  to  tbe  exclusion  of  the 
old-fashioned  split  cores. 

In  shot  making,  since  the  time  when  Messrs.  Walkers  Parker 
and  Co.  put  up  their  first  shot-tower,  and  when,  very  shortly 
afterwards,  Messrs.  Locke  Blackett  and  Co.,  to  avoid  tbe  expense  of 
a  tower,  substituted  a  disused  pit  shaft,  no  changes  have  taken  place. 
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An  ingenious  American  Las  however  patented  a  process  for  using  a 
short  shaft,  some  8  or  10  ft.  in  height,  through  winch  us  the 
molten  shot-drops  fall  they  meet  a  strong  current  of  air,  urged  by  a 
fan,  which  answers  the  purpose  of  the  long  drop  in  a  tower  or  pit. 

In  the  manufacture  of  white  lead,  the  old  "  Dutch  process,"  the 
same  as  has  been  used  for  many  centuries,  produces  in  this  country 
at  least  nine-tenths  of  all  that  is  made,  and  of  a  quality  not  yet 
surpassed,  if  equalled.  As  to  red  lead  making,  neither  in  the  old 
ovens  nor  in  the  mode  of  working  them  has  there  been  any 
alteration. 

The  object  of  this  paper  however  being  to  describe,  not  what  is 
unchanged,  but  some  recent  improvements  in  lead  processes,  the 
writer  will  briefly  notice  a  few,  and  those  more  especially  with 
which  he  is  best  acquainted,  namely  those  applied  to  desilverizing 
and  sheet-lead  rolling. 

Before  describing  desilverizing  by  the  "  steam  process,"  as  it  is 
worked  by  the  writer's  firm,  it  will  be  well  to  give  a  short  description 
of  the  "  Pattinson  process,"  inasmuch  as  in  principle  the  two  are 
almost  identical.  The  Pattinson  separating  process  is  based  on  the 
fact  that,  when  melted  silver  lead  cools,  the  crystals  first  forming 
contain  less  silver  than  the  portion  which  remains  longest  liquid ; 
and  in  practice  it  is  worked  as  follows.  A  set  of  about  ten  or  a 
dozen  cast-iron  pots,  holding  from  five  to  fifteen  tons  each,  are  placed 
in  a  row,  each  over  a  fire.  Of  these  the  last  towards  one  side,  or  the 
market  pot,  is  generally  smaller  than  the  others.  Should  the  lead  to 
be  worked  contain,  say,  25  ounces  of  silver  per  ton  of  lead,  it  will 
probably  be  filled  into  the  middle  pot  of  the  series.  It  will  then 
be  melted ;  and  when  the  whole  is  thoroughly  liquid,  the  fire  will 
be  drawn,  and  the  lead  allowed  to  cool.  As  it  cools,  a  workman 
keeps  stirring  the  lead,  and  slicing,  or  freeing  from  the  sides,  the 
portions  setting  on  them.  As  the  cooling  proceeds,  crystals  begin  to 
form ;  and  when  a  sufficient  quantity  appear,  a  second  workman 
withdraws  the  crystals  from  this  pot  with  a  perforated  iron  ladle,  and 
passes  them  into  the  pot  to  his  right,  towards  the  market  pot, 
and  continues  doing  so  until  he  has  thus  moved  two-thirds  of  the 
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lead.  When  lie  Las  clone  this,  he  withdraws  with  a  solid-bottomed 
ladle  the  one-third  of  liquid  lead  remaining,  and  moves  it  to  the  pot 
on  his  left.  The  centre  pot  is  again  filled  with  original  silver  lead, 
and  the  same  operation  is  repeated.  If  this  has  been  properly 
conducted,  it  will  be  found  that  the  liquid  lead  removed  to  the 
left,  instead  of  containing  25  ounces  of  silver  per  ton,  as  did  the 
original  lead,  will  now  contain  50  ounces  per  ton  ;  and  the 
crystals  moved  towards  the  market  pot  will  contain  12^  ounces 
per  ton.  It  will  readily  be  seen  that,  by  repeating  this  operation 
successively  in  the  various  pots,  the  poor  lead  gradually  becomes 
poorer,  until  it  is  so  free  from  silver  as  no  longer  to  pay  for  working ; 
while  the  rich  lead,  on  the  other  hand,  will  gradually  increase 
in  richness,  till  its  proportion  of  silver  makes  it  fit  for  the  refinery. 

Although  other  processes  for  desilverizing  are  extensively  worked, 
this  original  "  Pattinson  process  "  is  still  that  which  is  most  largely 
used  in  England. 

The  "  steam  desilverizing  process,"  as  used  in  the  works  of  the 
writer's  firm,  and  in  other  works  licensed  by  them,  is  the  invention 
of  Messrs.  Luce  Fils  et  Eozan,  of  Marseilles :  it  is  one  which 
should  commend  itself  especially  to  engineers,  as  in  it  mechanical 
means  are  employed,  instead  of  the  large  amount  of  hand-labour  used 
in  the  Pattinson  process.  The  steam  desilverizing  process,  instead  of 
a  row  of  pots,  as  in  the  old  process,  employs  two  melting  pots  only  ;  of 
Avhich  the  lower  or  working  pot  W,  Figs.  1  and  2,  Plate  74,  is  placed 
at  such  a  height  that  the  bottom  of  it  is  about  12  to  15  in.  above 
the  floor  level,  while  the  upper  or  melting  pot  M  is  placed  at  a 
sufficiently  high  level  to  enable  the  lead  to  be  run  out  of  it  into 
the  lower  pot.  The  capacity  of  the  lower  pot,  which  in  those 
most  recently  erected  is  36  tons,  should  be  not  less  than  double 
that  of  the  upper  one.  Round  each  pot  is  placed  a  platform  GG, 
on  which  the  workmen,  of  whom  there  are  two  only  to  each 
apparatus,  stand  while  charging,  slicing,  and  skimming  the  pots. 
The  upper  pot  is  open  at  the  top,  but  the  lower  one  has  a  cover, 
with  hinged  doors  LL ;  and  from  the  top  of  the  cover  a  funnel  is 
carried  to  a  set  of  condensers.  At  a  convenient  distance  from  the 
two  pots  is  placed  a  steam  or  hydraulic  crane,  so  arranged  that  it 
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can  plumb  each  pot,  and  also  two  largo  moulds  BB  which  are  placed 
at  either  side  of  the  lower  pot. 

The  mode  of  working  is  as  follows.    The  silver  lead  is  charged  into 
the  upper  or  melting  pot  M,  Plate  74,  by  means  of  the  crane.    When 
melted,  the  dross  is  removed,  and  the  lead  run  into  the  lower  or  working 
pot  W,  among  the  crystals  remaining  from  a  previous  operation.  When 
the  whole  charge  is  thoroughly  melted,  it  is  again  drossed ;  and  in 
order  to  keep  the  lead  in  a  thoroughly  uniform  condition,  and  prevent 
it  from  setting  solid  at  the  top  and  round  the  outside,  a  jet  of  steam  is 
introduced  from  the  pipe  P.     To  enable  this  steam  to  rise  regularly 
in  the  working  pot  W,  a  disc-plate  D  is  placed  above  the  nozzle, 
which  acts  as  a  baffle-plate ;  and  uniform  distribution  of  the  steam 
is  the  result.     To  quicken  the  formation  of  crystals,  and  thus  hasten 
the  operation,  small  jets  of  water  are  allowed  to  play  on  the  surface  of 
the  lead.     This,  it  might  be  thought,  would  make  the  lead  set  hard  at 
the  surface ;  but  the  violent  action  of  the  steam  works  in  the  most 
effectual  manner  in  causing  the  regular  formation  of  crystals.    Owing 
to  the  ebullition  caused  by  this  action  of  the  steam,  small  quantities 
of  lead  are  thrown  up,  and  set  on  the  upper  edges  and  cover  of  the  pot. 
Prom  time  to  time  the  valve  controlling  the  thin  streams  of  water 
playing  on  the  top  of  the  charge  is  closed,  and  the  workman,  opening 
the  doors  of  the  cover  in  rotation,  breaks  off  this  solidified  lead,  which 
falls  among  the  rest  of  the  charge,  and  instantly  becomes  uniformly 
mixed  with  it.      Very  little  practice  enables  an  ordinary  workman 
to  judge  when  two-thirds  of  the  contents  of  the  working  pot  W  are  in 
crystals,  and  one-third  liquid ;  and  when  he  sees  this  to  be  the  case, 
instead  of   ladling    out  the   crystals  ladleful  by  ladleful,  as  in  the 
old  Pattinson  process,  he  taps  out  the  liquid  lead  by  means  of  two 
spouts  SS,  controlled  by  valves,  the  crystals  being  retained  in  the  pot 
by  means  of  perforated  plates.     The  liquid  lead  is  run  into  large 
cone-shaped  moulds  BB  on  either  side  of  the  pot ;  and  a  wrought-iron 
ring  being  cast  into  the  blocks  thus  formed,  they  are  readily  lifted, 
when  set,  by  the  crane.     To  give  some  idea  of  the  rapidity  of  the 
process,  it  may  be  mentioned  that,  from  the  time  the  lead  is  melted  and 
fit  to  work  in  the  big  pot,  to  the  time  that  it  is  crystallized  and  ready 
for  tapping,  is  in  the  case  of  a  3  6 -ton  pot  from  thirty -five  to  forty- 
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five  minutes ;  and  the  time  required  for  tapping  the  liquid  lead  into 
the  large  moulds  is  about  eight  minutes.  Before  the  lead  begins  to 
crystallize,  the  upper  pot  is  charged  with  lead  of  half  the  richness  of 
that  in  the  lower  pot.  Thus,  when  the  liquid  lead  has  been  tapped 
out  of  the  lower  pot,  it  is  replaced  by  a  similar  amount  of  lead  of  the 
same  richness  as  the  remaining  crystals,  by  simply  tapping  the  upper 
or  melting  pot,  and  allowing  the  contents  to  run  among  the  crystals. 
The  same  operation  is  repeated  from  time  to  time,  until  the  crystals 
have  become  so  poor  in  silver  that  they  are  fit  to  be  melted  down, 
and  run  into  pigs  for  market. 

The  large  blocks  of  partially  worked  lead  are  placed  by  the 
crane  in  a  semicircle  round  it,  and  pass  successively  through  the 
subsequent  operations,  as  follows.  In  usual  working  there  are  kept 
on  hand  12  tons  weight  of  blocks  of  each  of  the  several  qualities  of 
lead,  which  are  numbered  for  convenience  from  No.  1  to  No.  12,  and 
contain  the  following  quantities  of  silver  per  ton  : — 

Noaonead}    1        2        3       456789      10     11     12 

Ounces  of     ) 

silver  per       610     320     160     80     10     20     10     5     2£     1%      I     T5e- 

ton  of  lead  J 

Should  the  lead  as  received  from  the  smelting  works  contain  40  oz.  of 
silver  per  ton,  it  would  go  into  the  furnace  as  No.  5 ;  and  the  result 
of  working  the  36-ton  charge  would  be  12  tons  of  No.  4  tapped  out 
into  blocks,  and  24  tons  of  No.  6  remaining  in  the  working  pot  as 
crystals.  The  working  pot  would  then  be  filled  up  to  36  tons  by 
adding  12  tons  of  No.  6  blocks ;  and  when  this  charge  was  worked, 
the  result  would  be  12  tons  of  No.  5  tapped  out  into  blocks,  and 
24  tons  of  No.  7  remaining  in  the  pot  as  crystals.  It  will  be  seen 
that  by  working  thus  each  set  of  blocks  is  moved  forwards  one  stage 
at  each  working.  When  it  comes  to  the  turn  of  No.  12,  the  resulting 
crystals  are  market  lead,  which  simply  require  to  be  melted  and  run 
into  pigs  or  blocks,  as  may  be  desired. 

This  process  has  other  great  advantages  in  addition  to  that  of 
saving  labour.  In  the  first  place,  after  taking  into  account  the  fuel 
used  for  supplying  the  crane  power,  and  the  steam  for  crystallizing, 
it  still  shows  a  great  economy  in  fuel.     In  the  case  of  the  writer's 
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firm,  they  find  that,  in  comparison  with  the  Pattinson  process,  as 
formerly  carried  out  by  them,  only  one-third  of  the  amount  of  coal 
is  used,  though  of  a  slightly  better  quality.  Another  most  important 
advantage  is  that  the  steam,  in  addition  to  its  mechanical  effect, 
produces  an  effect  of  a  chemical  nature.  Almost  all  silver  leads,  as 
received,  contain  impurities,  such  as  copper,  arsenic,  iron,  and 
antimony.  In  the  Pattinson  process  these  extraneous  metals  had  to 
be  removed  by  calcination,  before  the  lead  could  be  used  in  the 
separating  department.  But  it  is  found  that  in  the  Eozan  or  steam 
process  these  extraneous  metals,  if  they  exist  in  moderate  quantities 
(as  is  usually  the  case  in  English,  Spanish,  and  other  leads  of  similar 
quality),  are  readily  oxidised  by  the  steam  ;  and  that  their  presence 
in  the  desilverizing  apparatus,  instead  of  being  a  disadvantage,  is  a 
positive  advantage,  since,  where  a  small  quantity  of  antimony  or 
copper  exists,  its  presence  has  the  effect  of  lessening  the  oxidisation  of 
the  lead.  A  small  quantity  of  oxide  of  lead  and  other  oxides  is  carried 
off  mechanically  from  the  lower  pot  by  the  steam  and  by  other  gases, 
which  escape  from  thence  after  having  done  their  work  ;  but  they  are 
conducted  by  the  funnel  on  the  top  of  the  pot  cover  to  condensers, 
where  the  metals  are  practically  all  recovered.  These  oxides  are  found 
to  contain  a  very  large  quantity  of  antimony  and  copper,  and  in  colour 
are  nearly  black,  instead  of  the  yellow  proper  to  pure  lead  oxide. 

To  sum  up,  the  advantages  of  the  steam  process,  as  compared  to 
the  old  6-ton  Pattinson  pots  formerly  used  by  the  writer's  firm,  are  : — 
(1)  a  saving  of  two-thirds  in  the  amount  of  fuel  used  ;  (2)  the  saving  of 
the  cost  of  calcining  the  lead,  to  the  extent  of  at  least  four-fifths  of 
all  the  lead  used ;  (3)  above  all  a  saving  in  labour  to  the  extent  of 
two-thirds.  The  process  has  its  disadvantages,  and  these  are  a 
larger  original  outlay  for  plant,  and  a  constant  expense  in  renewals 
and  repairs.  This  is  principally  caused  by  the  breakage  of  pots  ;  but 
with  increased  experience  this  item  has  been  very  much  reduced 
during  the  last  two  or  three  years. 

The  third  method  of  desilverizing  worked  in  this  district  is  the 
"  zinc  process,"  which  is  largely  used  by  Messrs.  Locke  Blackett 
and  Co.,  and  was  patented  in  the  form  adopted  by  them  about 
fourteen  years  since.     The  action  of  this  process  is  dependent  on  the 


AuGfST  1881.  LEAD    PROCESSES.  533 

affinity  of  zinc  for  silver ;  the  following  is  a  brief  description  of  it. 
A  charge  of  silver  lead,  usually  about  fifteen  tons,  is  heated  to  a 
point  considerably  above  that  which  is  used  in  either  the  Pattinson  or 
the  steam  process.  The  quantity  of  zinc  added  is  regulated  by  the 
amount  of  silver  contained  in  the  lead ;  but  for  lead  containing 
50  oz.  to  the  ton,  the  quantity  of  zinc  used  is  in  most  cases  about  lh 
per  cent,  of  the  charge  of  lead.  The  lead  being  melted  as  described,  a 
portion  of  this  zinc,  usually  about  f  per  cent.,  or  half  of  the  total 
quantity  required  for  the  charge,  is  added  to  the  melted  lead,  and 
thoroughly  mixed  with  it  by  continued  stirring.  The  lead  is  now 
allowed  to  cool,  when  the  zinc  is  seen  gradually  to  rise  to  the  top, 
having  incorporated  with  it  a  large  proportion  of  the  silver.  The 
setting  point  of  zinc  being  above  that  of  lead,  a  zinc  crust  is  gradually 
formed,  and  this  is  broken  up  and  carefully  lifted  off  into  a  small  pot 
conveniently  placed,  care  being  taken  to  let  as  much  lead  drain  off  as 
possible.  The  fire  is  again  applied  strongly  to  the  pot,  and  when  the 
lead  is  sufficiently  heated,  a  further  quantity  of  zinc,  about  h  per  cent., 
or  one-third  of  the  whole  quantity  used,  is  added,  when  the  same  process 
of  cooling  and  removing  the  zinc  crust  is  repeated.  This  operation  is 
gone  through  a  third  time,  with  the  remaining  portion  (-j  per  cent.)  of 
zinc  ;  and  if  each  of  these  operations  has  been  carefully  carried  out, 
the  lead  will  be  found  to  be  completely  desilverized,  and  will  only 
show  a  very  small  trace  of  zinc.  In  some  works  this  trace  of  zinc  is 
allowed  to  remain  in  the  market  lead,  but  at  Messrs.  Locke  Blackett 
and  Co.'s  works  it  is  invariably  removed,  by  subjecting  the  lead  to  a 
high  heat  in  a  calcining  furnace.  The  zinc  crusts,  rich  in  silver, 
are  freed  as  far  as  possible  from  the  lead  by  allowing  this  to  sweat 
out  in  the  small  pot,  after  which  the  crusts  are  placed  in  a  covered 
crucible,  where  the  zinc  is  distilled  off,  and  a  portion  of  it  recovered. 
The  lead  remaining,  which  is  extremely  rich  in  silver,  is  then  taken 
to  the  refinery,  and  treated  in  the  usual  manner.  The  writer  is  given 
to  understand  that  the  quantity  of  zinc  recovered  is  as  high  as  from 
50  to  60  per  cent,  of  the  total  quantity  used. 

This  process  has  much  to  recommend  it  in  the  small  original 
cost  of  plant,  the  small  amount  of  labour,  and  the  extreme  quickness 
with  which  the  lead  can  be  treated.     The  stock  of  working  lead 
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required  is  also  small,  as  compared  with  either  the  Pattinson  or  the 
steam  process.  Against  this  however  is  to  he  set  the  cost  of  the  zinc 
which  is  lost ;  and  when  the  writer  watched  the  working  of  the 
process  carefully  some  years  since,  the  results  in  silver  and  lead  were 
not  so  satisfactory  as  he  had  expected. 

Although  it  was  said  that  the  rolling  or  milling  of  lead  remains 
unchanged  in  its  main  features  since  the  first  mill  was  estahlished,  yet 
the  writer's  firm  have  introduced  many  important  improvements.  Of 
one  of  these  the  advantage  is  perhaps  felt  more  in  the  desilverizing 
than  in  the  rolling  department ;  and  in  the  following  way.  When 
lead  is  required  for  sheet  making,  instead  of  running  out  the  market 
lead  into  the  usual  pigs  of  about  one  hundredweight  each,  it  is 
run  into  large  blocks  of  3J>  tons  ;  and  by  so  doing  a  very  great 
saving  both  of  time  and  labour  is  attained.  These  3i-ton  blocks  are 
taken  on  a  bogie  to  the  mill-house,  where  the  mill  melting-pot  is 
charged  with  them  by  means  of  a  double-powered  hydraulic  crane, 
lifting  however  with  the  single  power  only.  Three  such  blocks  fill  the 
pot,  and  when  melted  are  tapped  out  on  to  a  large  casting  plate,  forming 
a  slab  8  ft.  4  in.  by  7  ft.  6  in.,  and  about  7  in.  thick.  This  slab,  weighing 
10^  tons,  is  lifted  on  to  the  mill  table  by  the  same  crane  that  fills  the 
pot,  but  using"  the  double  power ;  and  is  moved  along  to  the  rolls 
in  the  usual  manner  by  means  of  a  rope  working  on  a  surging 
head.  The  mill  itself,  as  regards  the  rolls,  is  much  the  same  as 
those  of  other  firms  ;  but  instead  of  an  engine  with  a  heavy  fly-wheel, 
always  working  in  one  direction,  and  connected  to  the  rolls  by 
double  clutch  and  gearing,  the  work  is  done  by  a  pair  of  horizontal 
reversing  engines ;  in  connection  with  which  there  is  a  very  simple, 
and  at  the  same  time  extremely  effective,  system  of  hydraulic 
reversing.  In  other  lead  mills  there  is  no  necessity  for  fine 
or  delicate  control  of  the  engines;  but  with  this  system  it  is 
essential,  and  the  hydraulic  reversing  gear  contributes  largely  to 
such  control.  This  may  be  explained  as  follows.  In  all  other  mills 
with  which  the  writer  is  acquainted,  when  the  lead  sheet,  or  the 
original  slab,  has  passed  through  the  rolls,  and  before  it  can  be 
sent  back  in  the  opposite  direction,  a  man  on  either  side  of  the  mill 
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must  work  it  into  the  grip  of  the  rolls  with  crowbars.  In  the 
writer's  system  this  labour  is  avoided,  and  the  sheet  or  slab  is  fed 
in  automatically  by  means  of  subsidiary  rolls,  which  are  driven  by 
power.  When  it  is  required  to  cut  the  slab  or  sheet  by  the 
guillotine,  or  cross-cutting  knife,  instead  of  the  slab  being  moved 
to  the  desired  point  by  hand-labour,  the  subsidiary  driven  rolls 
work  it  up  to  the  knife ;  and  such  perfect  control  does  the  engine, 
with  its  hydraulic  reversing  gear,  possess,  that  should  the  sheet 
over-shoot  the  knife  ^  in.,  or  even  less,  the  engine  would  bring  it 
back  to  this  extent  exactly. 

Another  point,  which  the  writer  looks  upon  as  one  of  the  greatest 
improvements  in  this  mill,  is  its  being  furnished  with  circular  knives, 
which  can  be  set  to  any  desired  width,  and  put  in  or  out  of  gear  at 
will ;  and  which  are  used  for  dressing  up  the  finished  sheet  in  the 
longitudinal  direction.  This  is  a  simple  mechanical  arrangement, 
but  one  which  is  found  to  be  of  immense  benefit,  and,  in  the 
writer's  opinion,  is  far  superior  to  the  usual  practice  of  marking 
off  the  sheet  with  a  chalk  line,  and  then  dressing  off  with  hand 
knives.  The  last  length  of  the  mill  table  forms  a  weigh  bridge, 
and  a  hydraulic  crane  lifts  the  sheets  from  it,  either  on  to  the 
warehouse  floor,  or  the  tramway  communicating  with  the  shipping 
quay. 

Though  the  description  of  the  "  steam  desilverizing "  process, 
and  of  sheet  lead  rolling,  which  the  writer  has  endeavoured  to  give, 
may  not  perhaps  have  been  as  clear  and  interesting  as  he  would 
have  wished,  he  feels  sure  that  those  members  who  visit  the  works, 
and  see  the  processes  in  operation,  will  be  able  to  follow  them 
through  with  facility,  and  will  find  their  details  of  considerable 
interest.  It  will  afford  him  much  pleasure  to  explain  on  the  spot 
any  other  matters  here  omitted  for  the  sake  of  brevity. 
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Discussion  on  Lead  Processes. 

Mr.  Hugh  Lee  Pattikbon  said  that  Mr.  Cookson  and  others  on 
the  Tyne  had  carried  out  his  father's  process  for  many  years ;  and 
they  were  more  competent  to  speak  upon  the  details  of  it  than 
himself.  He  had  nothing  to  say  with  regard  to  Mr.  Cookson's  paper, 
except  that  it  exactly  described  the  principle  of  his  father's  process. 
He  had  been  much  interested  in  listening  to  the  account  of  the 
improvements  which  Mr.  Cookson's  firm  had  carried  out. 

The  President  said  the  paper  was  a  very  interesting  one,  giving 
a  clear  insight  into  the  process,  so  that  the  members  would  be  able 
to  understand  the  apparatus  when  they  saw  it  at  work  that  afternoon 
at  Messrs.  Cookson's.  He  had  that  morning  seen  the  Eozan  process 
in  operation  at  Messrs.  Walker's  works.  He  had  seen  the  blowing 
of  the  steam  into  the  liquid  lead,  and  the  agitation  in  the  pot  was 
wonderful — something  that  one  would  not  dare  to  do  off  hand ;  but 
he  supposed  it  had  been  gradually  arrived  at.  There  were  waves  of 
lead  G  in.  high,  and  a  splashing  18  in.  high.  There  was  a  cover  to 
keep  the  lead  from  flying  about,  and  water  was  thrown  on  in  thin 
streams;  but  before  the  workmen  opened  the  lid  of  the  pot  they 
turned  off  the  water  ;  still  the  splashing  from  the  steam  continued,  and 
the  workmen  then  scraped  the  lead  off  the  lid,  and  threw  it  back 
into  the  pot.  He  had  also  seen  one  of  the  vessels  being  tapped, 
and  the  lead  run  out  into  a  large  pan,  with  a  piece  of  iron  in  the 
middle,  forming  an  eye  to  lift  it  up  by. 

Mr.  W.  E.  Eich  said  there  was  one  point  in  connection  with  the 
manufacture  of  lead,  which  he  had  accidentally  noticed,  and  which 
no  doubt  was  known  to  many  gentlemen  present,  but  not  perhaps  to 
all,  namely  the  extremely  low  specific  heat  and  latent  heat  of  lead. 
Its  specific  heat  was  only  0  ■  03,  or  about  -^  that  of  water ;  and  its 
latent  heat  of  liquefaction  was  also  so  low  (about  10  units),  that 
it  took   about   five  times    as   much   heat   to   melt  1  lb.    of  ice   at 
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32°  Fahr.  as  to  warm  up  and  melt  1  lb.  of  lead  also  at  32°.  That  no 
doubt  accounted  for  the  freedom  with  which  the  manufacturers  of 
lead  seemed  to  let  it  cool  and  then  heat  it  up  again  to  the  meltiug 
point — a  treatment  which  would  be  very  wasteful  of  fuel  in  most 
other  metallurgical  processes. 

Mr.  Cookson  said  he  could  corroborate  from  practice  the  remark 
just  made  by  Mr.  Eich.  He  had  roughly  reckoned  up  the  weight 
of  lead,  principally  in  the  state  of  crystals,  that  was  reduced  to 
liquefaction  by  1  ton  of  coal.  Taking  the  ordinary  consumption  of 
coal  in  regular  working,  he  found  that  by  1  ton  of  coal  upwards  of 
300  tons  of  lead  were  brought  up  from  the  crystallising  point — or 
from  slightly  below  that,  for  the  lead  was  partially  solid  and  partially 
in  crystals — to  the  melting  point. 

The  President  asked  if  Mr.  Cookson  could  say  whether  the 
Pattinson  or  the  Eozan  process  made  softer  and  more  pure  lead. 

Mr.  Cookson  replied  decidedly  the  Eozan  process  ;  and  he  thought 
he  could  prove  it.  By  the  old  Pattinson  process  a  considerable 
number  of  leads,  such  as  Greek  lead,  containing  a  great  amount  of 
impurities,  could  be  used  only  for  making  into  common  lead,  sheet 
lead,  &c,  as  white  lead  required  a  much  better  quality.  By  the 
Eozan  process  even  Greek  leads  could  be  made  thoroughly  fit  for 
white  lead  or  glass-makers'  red  lead,  or  for  any  purpose  that  required 
the  very  purest  quality.  The  Pattinson  process  would  not  enable 
that  to  be  done,  at  any  rate  not  without  putting  more  cost  on  the 
process  than  would  pay  commercially. 
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ON  A  FEED-WATEE  HEATER  AND  FILTEE 
FOE    STATIONAEY    AND    LOCOMOTIVE    BOILEES. 


Bs  Mr.  GEOEGE  S.  STRONG,  op  Philadelphia,  U.S. 


In  most  feed-water  heaters  the  purification  of  the  water  from 
matter  held  both  in  solution  and  suspension  is  to  a  great  extent 
an  accidental  circumstance,  not  contemplated  in  their  design.  Where 
soft  waters  are  in  use  special  attention  need  not  be  given  to  this 
point,  but  where  hard  water  prevails  too  much  attention  cannot 
possibly  be  paid  to  it. 

Many  devices  have  been  used  to  purify  the  water  before  entering 
the  boiler.  Some  seek  to  precipitate  the  dissolved  salts  by  chemical 
means,  such  as  the  addition  of  carbonate  of  soda  or  carbonate  of  lime, 
and  then  either  allow  the  water  to  settle  or  pass  it  through  a  filter. 
It  is  unnecessary  to  urge  the  inconvenience  of  any  chemical  method  ; 
the  drawbacks  are  only  too  apparent. 

In  designing  the  feed-water  heater  now  to  be  described,  the  writer 
paid  special  attention  to  the  separation  of  all  matters,  soluble  and 
insoluble ;  and  he  has  succeeded  in  passing  the  water  to  the  boilers 
perfectly  pure,  and  free  from  any  substance  which  would  cause 
scaling  or  coherent  deposit.  His  attention  was  more  particularly 
called  to  the  necessity  of  extreme  care  in  this  respect,  through  the 
great  annoyance  suffered  by  steam  users  in  the  central  and  western 
parts  of  the  United  States,  where  the  water  is  heavily  charged  with  lime. 
Very  simple  and  even  primitive  boilers  are  there  used;  the  most 
necessary  consideration  being  handiness  in  cleaning,  and  not  the 
highest   evaporative  efficiency.       These  boilers   are  therefore  very 
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wasteful,  only  evaporating,  when  covered  with  lime  scale,  from  two  to 
three  pounds  of  water  with  one  pound  of  the  best  coal,  and  requiring 
cleaning  once  a  week  at  the  very  least.  The  writer's  interest  being 
powerfully  aroused,  he  determined  if  possible  to  remedy  these 
inconveniences ;  and  accordingly  he  made  a  careful  study  of  the 
subject,  and  examined  all  the  heaters  then  in  the  market.  He  found 
them  all,  without  exception,  insufficient  to  free  the  feed  water  from 
the  most  dangerous  of  impurities,  namely  the  sulphate  and  the 
carbonate  of  lime. 

That  this  assertion  is  correct  may  be  proved  by  the  following 
quotation  from  the  guarantee  given  by  the  Berryman  Heater 
Company : — "  I  guarantee  every  heater  to  deliver  the  feed  water  to 
the  boilers  at  a  uniform  temperature  of  200°  Fahr.  and  above,  using 
exhaust  steam,  and  also  to  free  said  water  from  all  impurities  (with 
the  exception  of  salt,  sulphate  of  lime,  and  such  other  acids  as  cannot 
be  separated  except  by  evaporation),  and  that  its  use  will  not  in  any 
way  interfere  with  the  use  of  the  exhaust  steam  for  heating  purposes, 
and  I  invite  orders  subject  to  such  guarantee." 

Carbonate  of  lime  is  almost  insoluble  in  pure  water,  but  it  is 
soluble  to  a  great  extent  in  water  containing  carbonic  acid  gas  in 
solution.  Thus  dissolved,  it  gives  rise  to  what  chemists  call  in  their 
analysis  reports  "  temporary  hardness."  This  temporary  hardness 
disappears  when  the  water  is  boiled,  because  the  carbonic  acid  gas 
is  expelled  in  boiling,  and  the  carbonate  of  lime  is  precipitated ; 
causing  the  water  to  become  milky  in  appearance,?  from  the  finely 
powdered  chalk  suspended  in  it. 

"  Permanent  hardness  "  arises  from  the  presence  of  sulphate  of 
lime,  or  sulphate  of  magnesia.  At  the  ordinary  temperature  of  boiling 
water,  and  at  atmospheric  pressure,  a  portion  of  the  sulphate  of 
lime  is  deposited,  though  from  a  cause  quite  different  from  that  of  the 
precipitation  of  the  carbonate.  It  has  been  found  that  sulphate  of 
lime  is  much  more  soluble  in  cold  water  than  in  hot,  which  is  a 
reversal  of  the  usual  order  of  things  with  soluble  salts ;  and. 
accordingly  water  containing  this  substance  may  be  quite  freed  from 
it  by  heating  to  a  sufficiently  high  temperature. 
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The  following  Table  shows  the  solubility  of  sulphate  of  lime  in 
water  at  different  temperatures  : — 

TABLE  I. 


Temperature 
Fahr. 

217° 

219° 

221° 

227° 

232° 

236° 

240° 

245° 

250° 

255° 

261° 

266° 

271° 

290° 


Sulphate  of  Lime. 
Percentage  held  in  Solution. 

0-500 

0-477 

0-432 

0-395 

0-355 

0-310 

0-267 

0-226 

0-183 

0-140 

0-097 

0-060 

0-023 

o-ooo 


The  reason  of  sulphate  of  lime  becoming  insoluble  on  heating 
seems  to  be  the  gradual  decomposition  of  the  hydrate.  Anhydrous 
calcic  sulphate  is  insoluble  in  water,  but  if  it  be  hydrated  it  then 
dissolves ;  hence,  by  causing  the  water  to  attain  a  sufficiently  high 
temperature,  the  dehydration  is  effected  and  the  anhydrous  sulphate 
is  deposited. 

Sulphate  of  magnesia,  the  remaining  impurity  which  commonly 
occurs  in  water,  does  not  precipitate  on  boiling  or  heating  the  water. 
Carbonate  of  magnesia  behaves  in  the  same  way  as  carbonate  of  lime, 
coming  down  as  soon  as  the  carbonic  acid  is  expelled. 

Taking  these  facts,  well  known  to  all  chemists,  as  the  basis  of  his 
operations,  the  writer  perceived  that  all  substances  likely  to  give 
trouble  by  deposition  would  come  down  at  a  temperature  of  about 
250°  F. 

His  plan  was  therefore  to  make  a  feed-water  heater  in  which  the 
water  could  be  raised  to  that  temperature  before  entering  the  boiler. 
Now  by  using  the  heat  from  the  exhaust  steam,  the  water  may  be 
raised  to  between  208°  and  212°  F.  It  has  yet  to  be  raised  to  250°  F.  ; 
and  for  this  purpose  the  writer  saw  at  once  the  advantage  that  would 
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bo  attained  by  using  a  coil  of  live  steam  from  tbe  boiler.  This 
device  does  not  cause  any  loss  of  steam,  except  tbe  small  loss  due  to 
radiation,  since  tbe  water  in  any  case  would  bave  to  be  beated  up  to 
tbe  temperature  of  tbe  steam  on  entering  tbe  boiler.  By  adopting 
this  metbod,  tbe  cbemical  precipitation,  which  would  otherwise  occur 
in  the  boiler,  takes  place  in  the  heater ;  and  it  is  only  necessary  now 
to  provide  a  filter,  which  shall  prevent  anything  passing  that  can 
possibly  cause  scale. 

The  heater,  being  subject  only  to  a  strictly  determinate 
temperature,  does  not  cause  the  precipitate  to  adhere  to  the  tubes 
or  metal,  so  that  scale  cannot  be  formed  in  it;  since,  to  produce 
sufficient  coherence  to  form  scale,  it  is  necessary  that  the  metal 
should  be  beated  considerably  above  tbe  temperature  of  the  water, 
in  fact  that  the  flame  of  the  fire  should  play  on  one  side  of  it. 

Having  explained  as  shortly  as  is  possible  the  principles  on 
which  the  system  is  founded,  the  writer  will  now  describe  the  details 
of  the  heater  itself. 

In  Figs.  1  to  3,  Plate  75,  are  shown  an  elevation,  a  vertical  section, 
and  a  sectional  plan  of  tbe  heater.  The  cast-iron  base  A  is  divided 
into  two  parts  by  the  diaphragm  B.  Tbe  exhaust  steam  enters  at  C, 
passes  up  the  larger  tubes  D,  which  are  fastened  into  the  upper 
shell  of  the  casting,  returns  by  the  smaller  tubes  E,  which  are  inside 
the  others,  and  passes  away  by  the  passage  F.  An  enlarged  section 
of  the  upper  part  of  the  tubes  is  shown  in  Fig.  4,  in  which  the 
course  of  the  exhaust  steam  is  shown  by  the  arrows.  The  inner 
tube  only  serves  for  discharge.  It  will  be  seen  at  once  that  this 
arrangement,  while  securing  great  heating  surface  in  a  small  space, 
at  the  same  time  leaves  perfect  freedom  for  expansion  and  contraction, 
without  producing  the  slightest  strains.  The  free  area  for  passage 
of  steam  is  arranged  to  be  one-and-a-half  times  that  of  the  exhaust 
pipe,  so  that  there  is  no  possible  danger  of  back  pressure.  The 
malleable  iron  shell  G,  connecting  the  stand  A  with  the  dome  H, 
is  made  strong  enough  to  withstand  the  full  boiler  pressure.  An 
ordinary  casing  J,  of  wood  or  other  material,  prevents  loss  by 
radiation  of  beat.     Tbe  cold  water  from  tbe  pump  passes  into  tbe 
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heater  through  the  injector  arrangement  E,  and  coming  in  contact 
with  the  tubes  D  is  heated;  it  then  rises  to  the  coil  L,  which  is 
supplied  with  steam  from  the  boiler,  and  thus  becomes  further  heated, 
attaining  there  a  temperature  of  from  250°  to  270°  F.,  according  to 
the  pressure  in  the  boiler.  This  high  temperature  causes  the 
separation  of  the  dissolved  salts ;  and  on  the  way  to  the  boiler  the 
water  passes  through  the  filter  M,  becoming  thereby  freed  from  all 
precipitated  matter,  before  passing  away  to  the  boiler  at  N.  The 
purpose  of  the  injector  K,  and  the  j)ipe  passing  from  0  to  K,  is  to 
cause  a  continual  passage  of  air  or  steam  from  the  upper  part  of  the 
dome  to  the  lower  part  of  the  heater,  so  that  any  precipitate  carried 
up  in  froth  may  be  again  returned  to  the  under  side  of  the  filter,  in 
order  more  effectually  to  separate  it,  before  any  chance  occurs  of 
its  passing  into  the  boiler. 

The  filter  consists  of  wood  charcoal  in  the  lower  half,  and  bone 
black  above,  firmly  held  between  two  perforated  plates,  as  shown.  After 
the  heater  has  been  in  use  for  from  three  to  ten  hours,  according  to 
the  nature  of  the  water  used,  it  is  necessary  to  blow  out  the  heater, 
in  order  to  clear  the  filter  from  deposit.  To  do  this,  the  cock  at  E 
is  opened,  and  the  water  is  discharged  by  the  pressure  from  the 
boiler.  The  steam  is  allowed  to  pass  through  the  heater  for  some 
little  time,  in  order  to  clear  the  filter  completely.  After  this 
operation  all  is  ready  to  commence  work  again.  By  this  means 
the  filter  remains  fit  for  use  for  months,  without  change  of  the 
charcoal. 

Where  a  jet  condenser  is  used,  either  of  two  plans  may  be 
adopted.  One  plan  takes  the  feed  water  from  the  hot  well,  and 
passes  the  exhaust  from  the  feed  pumps  through  the  heater,  using 
at  the  same  time  an  increased  amount  of  coil  for  the  live  steam.  By 
this  means  a  temperature  of  water  is  attained,  high  enough  to  cause 
deposition,  and  at  the  same  time  to  produce  decomposition  of  the  oil 
brought  over  from  the  cylinders.  The  other  plan  places  the  heater 
in  the  line  of  exhaust  from  the  engine  to  the  condenser,  also  using  a 
larger  amount  of  coil.  Both  these  methods  work  well.  The  writer 
sometimes  uses  the  steam  from  the  coil  to  work  the  feed  pump ;  or, 
if  the  heater  stands  high  enough,  it   is  only  necessary  to  make  a 
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connection  with  the  boiler,  when  the  water  formed  by  the  condensation 
of  the  steam  runs  back  to  tho  boiler,  and  thus  the  coil  is  kept 
constantly  at  the  necessary  temperature. 

In  adapting  this  system  to  locomotive  boilers,  the  heater  is 
made  in  the  form  of  a  saddle,  to  which  is  bolted  a  dome  containing 
the  coil  and  filter.  A  pipe,  taken  from  the  bottom  of  the  right-hand 
blast  nozzle,  communicates  with  the  exhaust  chamber  of  the  heater, 
and  from  the  discharge  side  passes  again  to  the  same  nozzle,  where, 
by  the  construction  of  the  nozzle,  it  is  passed  out  to  the  atmosphere 
"with  the  main  body  of  steam.  By  this  method  no  steam  is  drawn 
from  the  blast,  except  that  actually  required  to  heat  the  water* 
This  steam  of  course  condenses ;  but  care  is  taken  to  draw  off  the 
water  formed,  so  as  not  to  discharge  water  at  the  blast.  The  amount 
condensed  is  20  per  cent,  of  the  whole  steam  used.  It  will  be 
observed  that  by  this  construction  there  is  perfect  freedom  for 
contraction  and  expansion. 

The  author  may  be  allowed  to  mention  one  or  two  cases  where 
his  purifier  has  done  good  service,  and  indeed  has  been  found  quite 
invaluable.  The  first  of  the  stationary  heaters  was  constructed  in 
the  summer  of  1879,  and  was  attached  to  a  battery  of  boilers  at 
the  Eliza  Furnace,  in  Pittsburg,  owned  by  Lauchlin  and  Co. 
These  boilers  deposited  scale  very  fast,  so  fast  that  it  was  necessary 
to  chisel  the  scale  off  every  fortnight  when  they  were  worked  during 
the  day,  and  every  week  when  kept  going  constantly.  After  having  run 
with  the  heater  for  a  fortnight,  the  boilers  were  opened,  and  the  scale 
was  found  quite  loose,  and  came  away  quite  easily.  They  were  then 
run  one  month,  and  so  little  scale  was  formed  that  it  was  unnecessary 
to  remove  it.  They  now  run  six  months  continuously  before  requiring 
any  cleaning  whatever. 

Another  heater  was  fitted  to  a  battery  of  tubular  boilers,  using 
water  from  New  York  Bay,  or  from  an  adjoining  salt  marsh.  These 
boilers  had  constantly  burned  out  from  six  to  ten  tubes  per  week, 
and  it  was  impossible  to  clear  out  the  scale.  It  formed  so  hard  in 
the  tubes  that  it  could  not  be  driven  out :  it  would  even  stand  the 
steam  pressure  after  the  iron  was  completely  burned  away,  and 
then  would  break  in  two  like  a  pipe-stem.     After  using  the  heater 
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for  some  weeks,  the  scale  was  found  to  be  quite  soft,  and  a  plug 
could  be  driven  right  through  the  tube,  carrying  the  scale  before  it. 
These  boilers  are  now  worked  with  very  little  difficulty. 

The  writer  has  now  had  wide  experience  with  this  heater  in  the 
United  States,  using  every  kind  of  water,  and  has  obtained  good 
results  in  all  cases  :  and  having  recently  made  arrangements  for  its 
manufacture  in  this  country,  he  doubts  not  he  will  be  able  ere  long 
to  point  to  equally  satisfactory  results  in  Europe. 


Discussion  on  Feed-Water  Heater  and  Filter. 

The  President  said  Mr.  Strong  was  present,  having  crossed 
the  Atlantic  on  purpose  to  attend  the  meeting;  and  the  members 
would  be  glad  to  hear  any  observations  from  him  before  the 
discussion  commenced. 

Mr.  Strong  wished  to  add  a  word  about  the  process  of  blowing-off. 
By  opening  the  cock  R  and  blowing  the  live  steam  downwards  from 
the  top  through  the  filter,  it  blew  all  the  water  out  of  the  heater,  and 
drove  out  the  sulphate  and  the  carbonate  ;  so  that  it  was  not  necessary 
to  change  the  filter  very  often.  At  Pittsburg,  where  the  water  was 
very  bad,  a  heater  had  run  for  six  months  without  changing  the  filter 
or  opening  the  boilers.  Formerly  it  was  necessary  to  open  the 
boilers  once  every  two  weeks. 

Fig.  5,  Plate  75,  showed  a  simpler  arrangement  of  the  tubes, 
which  he  was  now  introducing.  Instead  of  having  one  tube  within 
another,  there  was  a  single  tube,  divided  into  two  parts,  nearly  up  to 
the  top,  by  a  diaphragm  shaped  like  an  S  in  plan,  -which  was  sprung 
into  the  tube.  The  end  of  the  diaphragm  projected  below  the  tube, 
and  was  bent  towards  the  entering  steam  ;  and  the  effect  was  that  the 
steam  passed  up  one  side  of  the  diaphragm,  and  down  the  other. 
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With  regard  to  locomotive  practice,  the  apparatus  Lad  Dot  yet 
been  started  in  this  country,  but  Fig.  6,  Plate  7G,  showed  the  form 
that  it  would  take  as  applied  to  au  engine  on  the  Metropolitan 
Railway.  There  were  two  heaters  A,  placed  one  on  each  side  of  the 
locomotive,  between  the  two  pairs  of  driving  wheels,  and  sunk  in  the 
tank,  but  within  a  sheet-iron  casing  to  prevent  their  being  chilled 
by  the  water.  They  were  connected  together,  and  worked  either  by 
pump  or  injector  through  the  pipe  B.  The  heating  was  done  by  taking 
the  exhaust  pipe  C  through  the  heater  on  its  way  to  the  tank, 
depending  on  the  effect  of  the  blast  to  keep  the  heater  sufficiently 
charged  with  exhaust  steam.  Another  plan  was  to  fit  the  heater  as 
an  extra  dome  on  the  top  of  the  boiler,  depending  entirely  on  the 
live  steam  within  the  coil  to  do  the  heating.  The  water  was  taken 
from  the  injector  at  about  150°  Fahr.,  raised  to  250°  by  the  live 
steam,  and  then  passed  direct  through  the  filter  to  the  boiler.  This 
arrangement  acted  very  well  as  a  purifier  for  water,  but  did  rot  effect 
any  special  economy  in  heat.  In  every  case  the  heater  could  be 
adapted  to  suit  any  special  conditions.  Fig.  7,  Plate  77,  showed 
another  form  of  heater  and  filter  adapted  to  the  standard  goods 
engine  of  the  Great  Southern  and  Western  Piailway  of  Ireland.  One 
heater  was  placed  on  each  side,  between  the  leading  and  central 
driving  wheels.  The  exhaust  steam  was  led  from  the  smoke-box 
through  the  pipe  A  into  the  heater  and  back  again,  as  already 
described,  and  as  in  use  on  the  American  locomotives.  The  water  in 
this  instance  was  fed  by  an  injector  through  the  pipe  B,  and  the 
water  was  heated  and  filtered  as  already  described,  and  as  shown 
in  Fig.  2  for  stationary  heaters.  The  two  heaters  were  coupled  by 
a  pipe  C,  passing  over  the  top  of  the  boiler,  close  to  the  base  of  its 
dome ;  and  the  water  was  fed  from  this  pipe  through  a  T  joint  into 
the  boiler,  in  the  usual  manner  of  locomotive  practice. 

Mr.  W.  Bichaedson  observed  that  in  the  discussion  on  Mr. 
Martens  paper  on  Boilers  (Proceedings  1870,  p.  214)  he  had 
explained  the  method  adopted  at  Messrs.  Piatt's  works  at  Oldham 
in  filtering  feed-water  for  boilers.  Having  there  to  use  sewage  water 
continuously,  they  had  great  difficulty  and  trouble  with  the  mud 
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deposit :  they  were  not  much  troubled  with  lime,  but  the  mud  dried 
in  the  boilers.  They  then  adopted  a  filter  similar  to  the  one  shown, 
only  it  was  in  a  strong  casing  with  a  cavity  at  the  top  and  bottom, 
and  the  space  between  the  two  cavities  was  filled  with  animal 
charcoal.  When  the  water  was  passed  through  the  filter  into  the 
boilers,  the  mud  was  deposited  among  the  charcoal.  Frequently, 
perhaps  twice  a  day,  they  reversed  the  current,  in  the  way  that  had 
been  explained,  by  opening  the  tap  at  the  bottom  and  letting  the 
boiler  pressure  drive  some  of  the  clean  water  back  through  the  filter, 
so  as  to  cleanse  it.  That  plan  had  been  going  on  for  twenty  years, 
and  it  had  had  the  effect  of  keeping  the  mud  out  of  the  boilers; 
but  the  water  was  only  heated  as  high  as  the  exhaust  steam  would 
heat  it — perhaps  to  210°  Fahr. 

Mr.  D.  Greig  had  had  considerable  experience  in  feed-water 
heating  for  portable  boilers ;  and  he  thought  that  the  extra  heating 
described  in  the  paper  appeared  to  be  a  cure  for  the  evils  which  had 
been  felt,  and  that  Mr.  Strong  was  on  the  right  track. 

Mr.  W.  E.  Eich  desired  to  call  attention  to  the  remark  upon 
p.  543  :  "  The  other  plan  places  ihe  heater  in  the  line  of  exhaust  from 
the  engine  to  the  condenser,  also  using  a  larger  amount  of  coil."  It 
would  perhaps  be  scarcely  necessary  to  remind  the  author  that  so 
little  value  was  to  be  attached  to  the  heat  in  the  exhaust  pipe  of  an 
engine  with  any  pretensions  to  economical  working,  that  such  an 
arrangement  would  be  almost  if  not  quite  valueless  in  engines  using 
hot- well  water  for  feed.  He  generally  found  that  the  temperature  in 
the  exhaust  pipe  of  an  engine  working  well  and  with  high  expansion 
was  not  more  than  one  could  bear  with  the  hand,  say  something 
like  125°.  The  tendency  with  most  English  Boiler  Insurance 
Companies  was  very  strongly  to  deprecate  the  use  of  water  which 
had  been  through  the  cylinders,  and  to  use  fresh  cold  water  for 
feeding.  Of  course  in  such  cases  the  arrangement  of  a  heater  in  the 
exhaust  pipe  would  be  much  more  beneficial. 

Mr.  T.  Abbott  said,  in  what  little  experience  he  had  had  as  to 
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the  difficulties  connected  with  feed-water,  he  had  found  they  were 
greatest  where  the  men  working  the  boilers  were  the  least  skilled  ; 
consequently  it  was  very  important  that  a  feed-water  heater  should 
be  as  simple  as  possible.  The  apparatus  explained  in  the  paper 
seemed  to  be  very  good'  in  that  respect ;  but  so  far  as  he  could 
see  from  the  drawing,  there  would  be  considerable  difficulty  in 
withdrawing  the  filter  itself  from  the  casing,  which  would  have  to 
be  done  possibly  once  in  every  three  or  four  months.  There 
seemed  a  good  deal  of  disconnecting  to  be  done,  bolts  to  undo,  &c., 
in  order  to  get  the  filter  out.  If  that  could  be  easily  got  over,  he  had 
no  doubt  it  would  be  a  great  success. 

The  President  said  there  was  one  thing  in  the  paper  that  struck 
him  at  once,  and  he  had  hoped  that  some  one  would  have  drawn 
attention  to  it.  It  was  stated,  p.  539,  that  in  the  central  or  western 
part  of  the  United  States  the  water  was  heavily  charged  with  lime, 
and  that  the  quantity  of  water  evaporated  was  only  from  2  to  3  lbs. 
for  every  pound  of  the  best  coal.  That  water  must  certainly  be  very 
exceptional,  requiring  a  large  amount  of  filtering  apparatus.  In  this 
country  they  generally  had  better  water  than  that ;  but  in  certain 
cases  where  there  was  a  large  quantity  of  sulphate  of  lime,  sulphate 
of  magnesia,  and  carbonate  of  lime,  he  imagined  that  a  filter  woixld 
be  very  effective.  He  was  in  hopes  that  some  information  would  be 
given  as  to  experience  of  its  use  in  this  country. 

Mr.  Jeremiah  Head  had  always  understood  that  the  term 
"temporary  hardness"  was  applied  to  carbonate  of  lime,  which  was 
precipitated  in  boiling,  as  pointed  out  in  the  paper;  and  that  the  term 
"  permanent  hardness"  was  applied,  as  the  author  had  put  it,  to  sulphate 
of  lime  and  sulphate  of  magnesia,  which  were  not  separated  from  the 
water  on  boiling.  But  the  whole  principle  of  the  paper  seemed  to  be 
founded  on  what  was  to  him  a  new  fact — that  all  these  substances 
were  precipitated  by  the  addition  of  another  50°  of  temperature. 
The  principle  of  the  apparatus  was  entirely  dependent  on  that  fact ; 
and  he  should  like  to  know  whether  the  experiments  which  had 
determined  that  fact  had  been  made  by  the  author  himself,  or  whether 
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it  was  admitted  and  relied  upon  by  the  chemists  of  this  and  other 
countries.  If  so,  then  it  appeared  to  him  that  the  author's  case  was 
pretty  well  proved.  As  a  piece  of  mechanical  construction,  it  seemed 
to  him  that  the  heater  was  extremely  ingenious  and  well  contrived ;. 
almost  all  the  parts  were  circular  and  symmetrical,  and  he  could 
hardly  conceive  a  better  arrangement  for  accomplishing  what  the 
author  desired  to  effect. 

Mr.  Charles  Cochrane  said  it  seemed  to  him  that,  generally 
speaking,  with  regard  to  that  class  of  heater,  the  water  produced  by 
the  condensation  of  the  steam  was  unnecessarily  allowed  to  run  to 
waste.  It  was  becoming  a  matter  of  greater  and  greater  inrportance 
that  they  should  have  practically  pure  water  for  their  boilers ;  and 
no  better  means  existed  than  that  of  condensing  the  exhaust  steam 
which  came  from  the  engines.  He  was  aware  that  there  was  an 
objection  to  doing  so,  namely  that  the  steam  brought  over  with  it  a 
certain  amount  of  acids,  which  certainly  did  canker  and  eat  the 
boilers.  For  nearly  twenty  years,  having  experienced  that  difficulty, 
his  firm  had  followed  the  plan  of  using  a  very  small  proportion  of 
caustic  soda  in  the  boilers ;  and  they  had  never  been  troubled  since. 
They  felt  it  to  be  a  most  important  point  to  save  every  drop  of  water 
coming  from  the  engine,  and  to  use  it  over  and  over  again  ;  and  only 
to  use  the  water  supplied  from  extraneous  sources  to  make  up  the 
deficiency  arising  in  the  circulation. 

Mr.  Hugh  Lee  Pattinson  said,  in  reply  to  Mr.  Head,  that  it  was 
a  well  known  fact  in  chemistry  that  sulphate  of  lime  was  rendered 
insoluble  at  high  temperatures.* 


*  The  following  additional  information  has  since  been  kindly  furnished  by 
Mr.  Tattinson.  "  The  solubility  of  sulphate  of  lime  in  water  diminishes  as  the 
temperature  rises.  At  ordinary  temperatures  pure  water  dissolves  about  130 
grains  of  sulphate  of  lime  per  gallon;  but  at  a  temperature  of  255°  Fahr.,  at 
which  the  pressure  of  steam  is  equal  to  about  2  atmospheres,  only  about  40  grains 
per  gallon  are  held  in  solution.  At  a  pressure  of  3  atmospheres,  and  temperature 
of  302°  Fahr.,  it  is  practically  insoluble.  The  point  of  maximum  solubility  is 
about  95°  Fahr.     The  presence  of  magnesium  chloride  or  of  calcium  chloride  in 
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Mr.  Strong  said  that,  by  means  of  this  heater,  with  a  vacuum  of 
2G  in.  of  mercury  in  the  condenser,  he  got  a  temperature  of  about 
135°  Fahr.  in  the  heater  from  the  exhaust,  and  about  150°  with  a 
vacuum  of  22  in.  Thus  by  using  the  exhaust  steam  to  heat  the  cold 
feed-water  he  gained  the  difference  between  say  60°  and  140°,  which 
was  worth  something  like  4  or  5  per  cent,  of  the  fuel  used.  Again,  if 
he  took  the  water  from  the  hot- well,  at  a  temperature  of  from  'JCP  to 
100°,  he  still  got  a  further  40°  of  increased  temperature  by  using  the 
condensed  steam,  which  was  worth  something  like  2^  or  3  per  cent. 
of  the  fuel.  At  the  same  time,  by  passing  the  water  from  the  hot- 
well  through  the  apparatus,  he  got  rid,  not  only  of  the  lime  in  the 
water,  but  of  the  cylinder  oil  which  was  in  the  hot-well.  With 
regard  to  the  sulphate  of  lime,  which  seemed  to  be  the  only  point 
that  was  in  question,  he  found,  when  he  commenced  his  experiments 
in  the  United  States,  that  chemists  generally  did  not  agree  that 
sulphate  of  lime  was  separated  by  boiling.  Their  experience  had 
been  derived  from  merely  raising  water  to  its  boiling  point,  or  212°, 
at  which  temperature  the  sulphate  of  lime  had  not  been  separated. 
It  was  only  after  experimenting  with  his  apparatus  that  he  became 
thoroughly  satisfied  that  it  was  separated  at  250°  Fahr.  At 
Pittsburg,  where  there  was  a  good  deal  of  sulphuric  acid  in  the 
water,  and  where  there  was  a  good  deal  of  pitting  as  well  as  scale  in 
the  boilers,  not  only  was  the  scale  stopped,  but  the  corrosion  also, 
from  the  fact  that  the  sulphate  of  lime,  and  the  sulphuric  acid,  and 
all  the  other  minerals  and  acids,  seemed  to  combine  with  one 
another  at  a  high  temperature.  In  reference  to  that  subject,  he 
might  mention  that  brass  tubes  were  used  in  these  heaters.  Where 
the  water  reached  a  high  temperature  in  a  heater  with  iron  tubes,  it 
seemed  to  take  a  particular  line  across  the  .vertical  tubes  and  eat 
them  through  there ;  it  had  therefore  been  found  necessary  to  use 
brass  or  copper  tubes  in  the  heaters,  iron  tubes  not  lasting  more  than 

water  diminishes  its  power  of  dissolving  sulphate  of  lime ;  while  the  presence  of 
sodium  chloride  increases  that  power.  As  an  instance  of  the  latter  fact,  we  find 
a  boiler  works  much  cleaner  which  is  fed  alternately  with  fresh  water  and  with 
brackish  water  pumped  from  the  Tyne  when  the  tide  is  high,  than  one  which  is 
fed  with  fresh  water  constantly." 
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eighteen  months.  He  had  been  using  paint,  made  of  boiled  linseed 
oil  and  red  lead,  to  coat  the  inside  of  the  heater  shell,  putting  on 
about  four  coats,  in  order  to  prevent  the  acid  from  taking  hold  of  the 
iron  shell.  In  some  cases,  where  the  acid  had  been  very  bad,  it  had 
been  necessary  to  make  the  heater  of  brass  and  copper  throughout. 

With  regard  to  changing  the  filter,  with  all  his  heaters  he 
arranged  a  travelling  crane  over  the  top,  with  a  differential  pulley 
and  wheel  running  on  a  bar;  and  by  this  means  he  handled  the 
dome  and  the  filter  very  readily.  With  a  600  H.P.  engine,  he  had 
taken  the  dome  off,  lifted  the  filter  out,  washed  out  the  inside  with 
hose,  and  replaced  it,  in  less  than  two  hours.  The  tube-plate  was 
made  of  cast-iron,  and  the  tubes  were  screwed  into  it,  usually  with 
sixteen  threads  to  the  inch.  The  Table  of  percentages,  p.  541,  was 
taken  from  Burgh's  Marine  Engineering.  He  had  found  in  actual 
practice  that  it  was  not  necessary  to  use  so  high  a  temperature  as 
290°  Fahr.  to  get  separation :  250°  or  260°  gave  practically  pure 
water,  though  not  chemically  pure. 
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ON   IRON  AND  STEEL  AS   CONSTRUCTIVE   MATERIALS 

FOR  SHIPS. 


By  Mr.  JOHN  PRICE,  of  Jarhow. 


The  object  of  the  present  brief  paper  is  to  bring  into  greater 
prominence  than  has  hitherto  been  done,  the  question  whether  it 
is  more  economical,  for  commercial  purposes,  to  build  vessels  of. 
steel  rather  than  of  iron. 

This  subject  has  already  received  considerable  attention,  but 
probably  not  precisely  in  its  relation  to  the  class  of  vessels  chiefly 
built  in  the  Tyne  district,  which  are  essentially  cargo  carriers.  The 
author  will  at  once  assume  that  a  cargo  carrier,  whether  a  sailing 
vessel  or  a  steamer,  has,  commercially  considered,  two  functions  : 
firstly  to  carry  her  cargo  safely  and  efficiently,  and  secondly  to 
carry  it  remuneratively  to  her  owner.  It  is  not  pertinent  to  the 
present  enquiry  to  consider  the  first  of  these  functions  further,  since 
it  is  of  course  granted  as  a  necessary  condition  to  the  second. 
The  iron  vessel  will  therefore  be  taken  as  the  standard  of  comparison, 
both  as  to  cost  and  sufficiency  of  structure.  The  question  then  really 
is,  which  of  the  two  descriptions  of  vessels — steel  or  iron — can  be 
shown  to  be  the  best  investment.  If  we  further  narrow  the  question,  it 
takes  this  form  : — in  which  of  the  two  vessels,  taking  the  dead-weight 
or  cargo-carrying  capacity  into  account,  can  the  ton  of  dead-weight 
capacity  be  got  at  the  lowest  cost ;  for,  as  this  is  the  unit  upon  which 
the  ship's  earnings  are  based,  it  must  also  be  the  unit  upon  which  the 
cost  is  estimated. 

The  Company  with  which  the  writer  is  associated  has  recently 
built  a  vessel  of  the  general  description  given  in  the  Appendix  ;  and 
it  is  proposed  to  take  this  vessel,  as  built  of  iron,  for  comparison 
with  a  similar  vessel,  but  built  of  steel,  so  far  as  it  is  practicable 
to  adopt  steel  instead  of  iron  in  her  construction,  thus  securing  the 
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reductions  allowed  from  the  iron  scantlings  in  use.  These  reductions 
take  effect  only  on  the  material  forming  the  hull  of  the  vessel ;  and 
it  will  be  seen  from  the  particulars  of  the  iron  vessel  in  the  Appendix 
that  this  material  amounts  to  1179  tons.  From  the  similar  particulars 
relating  to  the  steel  vessel,  it  will  be  observed  that  the  equipped 
weight,  which  in  the  iron  ship  is  1740  tons,  is  1614  tons  in  the  steel 
vessel  (after  allowing  for  the  difference  in  weight  between  equal 
volumes  of  iron  and  mild  steel) ;  the  difference  is  thus  126  tons. 
This  difference  will  also  be  found  in  the  dead- weight  carrying 
capacity,  on  22  ft.  mean  draught.  It  is  only  by  increasing  the  dead- 
weight carrying  capacity  that  any  commercial  advantage  is  secured 
by  the  owner,  in  adopting  steel  instead  of  iron.  This  is  a  point 
upon  which  there  is  no  question,  assuming  of  course  that  the  iron 
ship  is  in  every  way  a  structure  fitted  for  her  purpose.  We  have 
therefore  to  enquire  under  what  conditions  this  126  tons  additional 
dead-weight  capacity  has  been  obtained. 

In  the  first  place,  in  water-ballast  trim,  the  steel  vessel  would 
draw  6  in.  less  water.  To  put  her  down  therefore  to  the  same  draught 
as  the  iron  vessel  would  require  her  tank  to  be  increased  in 
dimensions  ;  and,  to  preserve  the  same  trim,  this  must  mean 
increased  height  of  tank.  As  shown  in  the  Appendix,  the  additional 
weight  of  material  used  in  raising  her  tank  to  this  height  would  be 
8  tons,  which  would  reduce  the  available  additional  dead-weight 
from  126  to  118  tons.  The  effect  of  this  increased  water-ballast 
accommodation  would  further  entail  the  loss  of  2900  cubic  ft.  of 
stowage  capacity,  equal  to  64  tons  of  stowage  capacity,  at  45  cubic  ft. 
to  the  ton. 

The  next  and  most  important  condition,  under  which  the  net 
increased  dead-weight  capacity  would  be  obtained,  arises  from  the 
higher  price  that  would  be  paid  for  the  steel,  as  compared  with  the 
iron,  used  in  the  construction  of  the  hull.  Before  entering  upon 
this,  it  may  be  well  to  state  that  the  reduction  of  weight,  estimated 
as  due  to  the  use  of  steel,  is  14  per  cent,  of  the  weight  of  the  iron 
hull :  which  is  about  the  largest  rate  of  reduction  found  attainable 
in  practice,  as  recently  stated  by  an  eminent  Clyde  shipbuilder,  who 
has  built  a  very  large  amount  of  steel  tonnage.     The  increased  cost 
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of  the  hull  is  shown  in  the  Appendix  (with  the  additional  cost  of 
the  extra  weight  of  tank  required  for  water-ballast,  namely  8  tons 
at  £9  12s.  6cl.  less  discount,  and  labour  at  £3  2s.  Qd.  per  ton,  total 
£100)  to  be  £2656 ;  or  an  average  rate  of  £22  10s.  2d.  per  ton  for 
the  118  tons  extra  dead-weight  capacity.  Now  we  may  assume  with 
perfect  safety  that  the  iron  steamer,  such  as  is  described  in  the 
Appendix,  could  be  built  and  equipped  ready  for  sea,  including  all 
cost  of  engines,  boilers,  &c,  for  £10  per  ton  *  of  dead-weight 
capacity.  This  would  make  her  price  for  3235  tons  dead-weight 
capacity  to  be  £32,350.  Add  to  this  £2656  for  the  extra  cost  if  the 
vessel  is  built  of  steel,  and  we  have  £35,006  as  the  cost  of  the  steel 
vessel,  for  a  dead-weight  carrying  capacity  of  3353  tons.  This  shows 
the  average  cost  per  ton  of  dead-weight  to  have  been  increased  from 
£10  to  £10  8s.  9d.,  or  an  increase  of  4§  per  cent.  In  this  example 
therefore  we  have,  in  addition  to  a  loss  of  nearly  2  per  cent,  of 
cubic  capacity,  an  enhanced  cost  of  4-f  per  cent,  per  ton  of  dead- 
weight capacity. 

The  question  of  using  steel  is  sometimes  considered  differently. 
It  is  said  that  the  increase  in  dead-weight  capacity  so  obtained  is 
a  gain  which  does  nothing  but  earn  money,  and  against  which 
no  current  charges  need  be  brought,  since  it  is  obtained  by  a 
simple  change  of  material  in  construction ;  and  that  at  any  assumed 
freight,  which  must  be  all  profit,  it  will  quickly  pay  for  its  acquirement. 
The  cost  however  of  this  increased  dead-weight  is  seen  to  be 
£22  10s.  2d.  per  ton,  whereas  the  dead-weight  in  the  iron  ship  is 
acquired  at  the  rate  of  £10  per  ton.  It  would  appear  at  first  sight  that 
a  complete  answer  would  be  given  to  what  has  been  said  about  this 
earning  property  of  the  acquired  dead-weight,  by  pointing  out  that 
the  same  effect  can  be  obtained  by  increasing  the  dead-weight  capacity 
of  the  iron  vessel  at  £10  per  ton,  instead  of  at  £22  10s.  2d.,  the  cost 
per  ton  of  the  same  increase  in  steel :  with  precisely  the  same  property 
of  earning,  and  immunity  from  current  expenses,  and  with  the  additional 
advantage  that  the  propelling  power  can  be  relatively  increased  at 
the  same  rate  per  ton.   If  moreover  the  latter  advantage  were  dropped, 

*  Vessels  are  not  merely  built  but  sold  at  this  rate  per  ton 
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increased  dead-weight  capacity  could  be  acquired  in  the  iron  vessel 
for  about  £8  per  ton.  This  appears  nevertheless  to  be  an  entirely 
fallacious  way  of  looking  at  the  matter.  The  cost  per  ton  of  dead- 
weight capacity  should  be  calculated  on  the  total  tonnage,  not  on 
the  excess.  An  owner  as  a  carrier  has  chiefly  to  consider  the  total 
cost  of  his  carrying  capacity ;  and,  whatever  be  the  unit  basis  of  his 
calculation,  the  total  cost  is  the  aggregate  of  the  average  cost  per 
unit.  The  question  an  owner  asks  himself  is :  "  What  will  this  or 
that  ship  cost  me  per  ton  of  dead-weight  ?  "  The  cost  has  been  shown 
to  be  4|  per  cent,  less  in  the  case  of  the  iron  ship  than  in  that  of 
the  steel ;  and  as  a  purely  business  matter,  the  fact  that  a  smaller 
sum  is  invested  for  the  same  net  profit  would  appear  to  place  the  iron 
sailing  or  steam-ship,  at  present,  in  the  more  advantageous  position 
as  an  investment.  There  is  only  one  condition  under  which  an  owner 
can  be  placed,  where  the  adoption  of  steel,  at  its  present  cost,  can 
be  attended  with  any  advantage ;  and  that  is  where  the  dimensions 
of  the  ship  are  absolutely  limited  by  the  conditions  of  her  trade.  That 
condition  however  may  be  said  to  exist  hardly  anywhere  in  the 
ordinary  carrying  trade. 


APPENDIX. 

Particulars  of  Steam-Ship  taken  for  Comparison. 

Flush  deck,  with  full  poop  for  captain's  and  officers'  cabins — 
bridge-house  over  engine  and  boiler  space,  with  cabins  under  for 
engineers — topgallant  forecastle  for  crew  and  stokers — iron  main 
deck,  wood  upper  deck — hold  beams  wide  sj>aced — water  ballast  in 
double  bottom  (Mclntyre's  plan),  in  after  hold,  through  engine  and 
boiler  space,  and  20  feet  into  main  hold — deep  ballast  tank  to  main 
deck  in  after  hold — Class  100  A  Lloyd's — three  decks. 
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Dimensions. 


Length  over  all 

Length  between  perpendiculars 

Breadth  moulded 

Depth  „ 

Depth  of  hold  . 

Gross  tonnage 

Net 


Ft. 

In 

300 

0 

290 

0 

37 

0 

25 

9 

24 

6 

Tons 

2285- 

24 

1494- 

75 

Comparison  between  Quantities  and  Cost  for  Iron  and  Steel  Vessels. 


Quantities. 

Iron  vessel. 

Steel  vessel. 

„      deadweight  on  22  ft.  mean  draught 

„          „        of  angles  and  packing,  do. 
Total  weight  of  iron  or  steel  in.  hull    ,    , 
Weight  of  water  ballast  in  double  bottom 
Draught  in  ballast  with  double  bottom) 

full  / 

Cubic  capacity  of  hold  and  between  decks 
Height  of  double  bottom  in  steel  vessel  J 

(to  have  the  same  draught  in  ballast  as  > 

iron  vessel,  not  including  deep  tank)    ) 
Weight  of  ballast  in  double  bottom  about  i 

3  ft.  10  in.  deep 1 

Cubic    capacity   of    holds,   with    double  | 
bottom  raised  3  ft.  10  in.  from  top  of  > 
keel 1 

1740  toi 

3235     , 

799     , 

380     . 

1179    . 

270    , 

10  ft.  8  in. 

157,000  ci 

is 

mean 
b.  ft. 

1614  to 

3361     , 

713    , 

340     , 

1053     , 

270    , 

10  ft.  2  in. 

157,000  cvj 

|3  ft.  10  in. 
\    top  of  k( 

388  to 
8     , 

154,100  ct 

3S 

mean 

b.  ft. 

from 
;el 

is 
tb.  ft. 

Cost  of  Construction. 

Tons.       £     s.    d. 
Iron  plates  799  at  6     0     0  less  2|  % 

&  Packing}     380  at  5  10     0          „ 
Steel  plates    ,     713  at  9  12     6 

„     angles 292  at       „                 „ 

„     bulb   ,  .    ,  23  at  9     0     0          „ 
„     packing...  25  at  5     5     0          „ 

£       s.    d. 
4674     3     0 

2037     5     0 
3684 '  7     6 

£       S.     d. 

6691     1     0 

2740     5     0 

201  16     6 

127  19     0 

3290  12     6 

10,395  15    6 

13,051  14     0 
10,395  15     6 

Deduct  Iron  from  Steel    

Extra  cost  of  Steel  vessel    

2655  18    6 

558  IRON    AND    STEEL   FOU    SHIPS.  AUGUST  1881. 


Discussion  on  Iron  and  Steel  for  Ships. 

Mr.  Wm.  Denny  asked  permission  to  make  some  remarks  on  the 
paper  for  two  reasons  :  first,  because  lie  had  Lad  the  honour,  in  the 
spring  of  the  year,  of  reading  before  the  Iron  and  Steel  Institute  a 
paper  upon  practically  the  same  subject,  namely  the  economy  of  steel 
ship  building ;  and  secondly,  because  the  author  had  made  a  most 
courteous  mention  of  him  in  a  portion  of  his  paper.  He  was 
surprised  however  that  Mr.  Price,  who  had  quoted  him  as  an 
authority  for  the  reduction  in  weight  that  was  possible  to  be  made  in 
a  steel  vessel  as  compared  with  iron,  had  not  followed  exactly  the 
figures  he  had  given.  In  the  paper  now  read  it  had  been  stated  that 
the  reduction  upon  1179  tons  of  iron  was  126  tons;  now  126  upon 
1179  was  only  10  "7  per  cent.,  which  was  a  very  different  figure  from 
14  per  cent.,  the  reduction  he  had  given  in  his  own  paper.  But 
further  it  should  have  been  noticed  that  the  basis  which  he  himself 
had  taken  for  his  percentage  was  the  invoiced  weight  of  iron, 
including  both  forgings  and  rivets  ;  and  taking  that  weight,  the  10  ■  7 
per  cent,  became  10  per  cent.  By  that  means  the  author  had,  to 
begin  with,  diminished  the  reduction  in  weight  due  to  steel  by  28  per 
cent.  He  did  not  know  upon  what  authority  that  had  been  done  ; 
but  he  was  prepared  to  show  that  the  whole  argument  of  the  present 
paper  rested,  first,  upon  the  under-statement  of  his  own  reduction ; 
secondly,  upon  the  over-statement  of  the  price  of  steel ;  and  thirdly, 
upon  the  ignoring  of  the  fact  that  in  every  steel  vessel  there  was  a 
certain  proportion  of  iron  used.  Everyone  must  be  well  aware  that 
in  every  vessel  there  were  certain  portions  that  were  non-structural : 
such  as  the  coal-bunkers,  the  shaft  tunnel,  engine  casings,  engine 
seatings,  and  many  other  parts,  which  no  one  would  dream  of  making 
of  steel.  The  reduction  quoted  in  his  own  paper  at  the  Iron  and 
Steel  Institute  was  worthy  of  being  received  and  trusted,  because  it 
was  not  merely  the  result  of  elaborate  and  thorough  calculations,  but 
also  the  result  of  very  considerable  experience  in  the  actual  building 
of  steel  ships,  and  of  noting   the  differences  in  the  weights  of  the 
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ironwork.  In  that  paper  he  had  not  considered  the  question  of  the 
economy  of  building  cargo  ships  of  the  class  referred  to  by  Mr. 
Price ;  but  he  had  considered  the  economy  of  building  a  very  high 
class  of  passenger  steamer,  and  also  of  building  a  class  of  steamer 
which  combined  passenger  carrying  and  dead-weight  carrying.  He 
had  not  at  that  time  been  prepared  to  go  further  than  to  advocate  the 
use  of  steel  for  those  two  classes  of  steamers ;  but  since  reading  the 
present  paper  he  was  prepared  to  go  very  much  further,  and  to  show 
that  it  was  actually  advantageous  and  economical  to  build  Mr.  Price's 
class  of  steamers  in  steel. 

To  do  this,  he  must  first  of  all  make  certain  corrections.  He 
must  deduct  from  1179  tons  the  14  per  cent,  he  had  already  referred 
to,  or  165  tons ;  leaving  1014  tons  as  the  weight  of  iron  and  steel  which 
would  be  used  in  building  Mr.  Price's  steamer,  if  she  were  built  of 
steel.  Further,  in  the  1014  tons  there  would  be  170  tons  of  iron — a 
fact  of  which  the  author  had  taken  no  notice.  That  gave  170  tons  of 
iron  and  844  tons  of  steel ;  and  prices  had  to  be  put  upon  these. 
With  regard  to  the  price  of  iron,  he  would  take  this  at  the  ordinary 
mean  of  the  author's  prices,  or  £5  16s. ;  which,  less  2J  per  cent., 
would  give  £961.  But  the  author  quoted  the  price  of  steel  overhead 
at  £9  12s.  6d.  In  his  own  paper  before  the  Iron  and  Steel  Institute 
he  had  quoted  the  price  of  steel  overhead  at  £9  5s.,  less  2^  per  cent. ; 
and  even  between  the  time  of  writing  that  paper  and  the  time  of 
reading  it  the  price  of  steel  had  fallen  considerably,  as  he  had 
pointed  out  in  closing  the  discussion  upon  that  occasion.  Since  then 
steel  had  continued  steadily  to  fall.  Ten  days  ago  his  firm  had 
received  offers  for  more  than  3000  tons  of  steel  plates,  augles,  and 
bulb  bars,  overhead  :  and  the  highest  price  quoted  had  been  £8  17s., 
the  next  £8  15s.,  and  the  lowest  £8  14s.  9d.,  all  less  2^  per  cent. 
Taking  £8  15s.  and  deducting  2^  per  cent.,  the  price  of  the  844  tons 
of  steel  was  £7200  :  making  a  total,  including  the  iron,  of  £8161. 

He  was  now  going  to  give  the  iron  vessel  an  advantage.  The 
labour  upon  the  iron  vessel  had  been  quoted  in  the  present  paper 
as  £3684,  and  the  labour  on  a  steel  vessel  had  evidently  been 
taken  at  the  same  rate  per  ton,  and  so  had  been  made  £3290  roughly. 
That  was  an  entire  mistake :  a  steel  vessel  could  not  be  built  more 


560  IRON    AND    STEEL   FOR    SHIPS.  August  1881. 

cheaply  than  an  iron  vessel  of  the  same  dimensions ;  the  total  labour 
would  be  the  same ;  and  he  had  taken  care,  in  his  own  paper,  not 
only  to  show  this,  but  also  to  give  the  reasons  for  it.  He  would 
therefore  put  down  the  same  wages  as  for  iron,  or  £3684,  and  add 
them  to  the  £8161,  making  a  total  of  £11,845  as  the  cost  of  the  iron 
and  steel  and  of  the  labour,  in  the  steel  steamer.  Deducting  from 
that  the  author's  estimate  for  the  same  items  in  the  iron  steamer,  or 
£10,396,  there  was  a  difference  of  only  £1449  in  favour  of  the  iron 
steamer. 

He  was  now  going  to  give  the  iron  a  further  advantage.  In  taking 
the  diiference  between  the  gross  weights,  or  invoiced  weights,  of  the 
iron  and  of  the  steel,  the  author  had  made  no  deduction  from  them 
for  scrap.  But  off  the  165  tons  of  iron  saved  in  the  steel  steamer  he 
would  now  take  9  per  cent.,  which  was  the  allowance  made  in  his 
own  yard  for  scrap;  that  left  150  tons  as  the  net  saving  of  weight. 
He  had  now  £1449  divided  by  150,  or  £9  13s.  2d.  as  the  price  per 
ton  of  the  extra  dead-weight  capacity.  So  that  the  additional  dead- 
weight capacity  in  the  steel  steamer  could  be  gained  for  6s.  lOcl.  less 
per  ton  than  the  original  dead-weight  capacity  of  the  iron  steamer, 
which  had  been  assumed  in  the  paper  at  £10  per  ton.  This  result, 
as  would  be  seen,  was  a  clear  and  definite  advantage  in  favour  of 
building  in  steel. 

He  had  made  a  point  of  attending  the  present  meeting  in  order 
to  show  the  mistakes  in  the  paper,  and  to  prevent  those  who 
represented  the  great  ship-building  industry  of  the  Tyne  from  being 
misled  upon  the  important  subject  of  steel.  He  hoped  his  remarks 
would  be  received  not  in  any  way  as  those  of  an  oj>ponent  to 
the  author.  He  had  no  wish  to  be  an  opponent  to  any  east-coast 
builders,  and  his  only  desire  was  to  show  where  he  differed  from  the 
paper  that  had  been  read. 

As  to  the  question  of  water-ballast,  he  acknowledged  frankly  that 
the  author  had  made  a  decided  hit.  But  if  the  extra  tanks  for  water- 
ballast  were  made  in  a  structural  cellular  form,  then,  although  losing 
capacity,  the  shipowner  would  get  a  deduction  in  tonnage,  which 
would  to  a  great  extent  cover  the  loss.  And  even  supposing  the 
extra  capacity  to  be  wholly  lost,  it  was  well  known  that  there  were 
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many  steamers,  carrying  ore  and  so  forth,  in  which  that  would  be  no 
disadvantage  at  all. 

Mr.  B.  Martell  thought  very  little  more  was  to  be  said  upon  the 
subject,  since  Mr.  Denny  had  so  clearly  put  forward  what  had  also 
been  running  in  his  own  mind.  He  had  been  very  much  surprised  to 
find  that,  although  the  author  accepted  the  statement  of  14  per  cent,  as 
the  saving  in  steel  over  iron,  yet  in  giving  the  weights  he  had  put  down 
what  amounted  to  a  percentage  of  10  •  7  only  ;  but  he  might  perhaps 
be  able  to  explain  that.  It  appeared  to  himself  it  could  be  very 
simply  shown  in  another  way  that  the  commercial  advantage  was 
really,  on  the  face  of  the  figures,  in  favour  of  the  steel  ship. 
Taking,  for  instance,  the  ship  which  the  author  had  given,  its  gross 
earnings  would  amount  to,  say  roughly,  £12,000  a  year;  and 
supposing  the  working  expenses  to  be  £9000,  that  would  leave  a  net 
profit  of  £3000,  or  less  than  10  per  cent,  on  the  £32,350  total  cost  of 
the  iron  ship,  as  given  in  the  paper.  Now  the  working  expenses  of  a 
steel  ship  would  be  nearly  the  same,  say  £9000 ;  but  allowing  for 
the  additional  165  tons  dead  weight,  if  the  ship  were  employed  in 
dead-weight  carrying,  the  gross  earnings  would  be  £12,600,  and  that 
additional  £600  would  represent  a  profit,  on  the  £2760  additional  cost 
of  the  steel  ship,  of  21^  per  cent,  instead  of  10  per  cent.  So  that  it 
was  clearly  shown  on  the  face  of  it  that,  if  the  ship  were  fully 
employed  in  carrying  the  additional  dead  weight  throughout  the 
year,  the  profits  would  be  much  larger  in  the  steel  ship  as  compared 
with  the  iron  ship. 

With  reference  to  the  double-bottom  water-ballast  he  did  not 
agree  with  Mr.  Denny.  He  thought  that  question  ought  to  be 
eliminated  from  the  subject,  because  in  his  opinion  there  were  many 
ways  of  meeting  the  increased  water-ballast  required  in  a  steel  ship. 
In  fact  the  author  himself  had  shown  this  in  some  ships  he  had 
recently  built,  in  which  he  had  fitted  the  water-ballast  in  the  form 
of  a  deep  tank,  where  it  could  be  utilised  either  for  water-ballast  or 
for  cargo  purposes.  It  was  not  necessary  to  raise  the  inner  bottom ; 
some  other  system  might  be  adopted  to  give  the  same  internal 
capacity. 
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It  seemed  to  him  that  there  was  a  different  cause  which  deterred 
shipowners  from  going  into  steel  more  largely  than  they  did.  For 
many  large  steamers  they  could  not  rely  on  dead-weight  carrying ; 
they  had  to  take  measurement  goods  to  a  large  extent ;  and  while  the 
steel  ship  was  more  expensive,  there  was  no  advantage  where  it  had 
merely  to  carry  measurement  goods,  because  there  was  no  greater 
measurement  capacity  in  the  steel  than  in  the  iron  ship.  All  were 
agreed  that  a  steel  ship  was  in  itself  a  far  better  vessel  than  an  iron 
ship.  As  to  the  quality  of  steel,  its  uniformity,  its  ductility,  and  its 
strength,  he  thought  that  question  was  settled.  They  had  had 
sufficient  experience  to  know  that  for  all  practical  purposes  it  was 
generally  uniform  in  quality,  that  it  was  a  magnificent  material  in 
regard  to  ductility  and  strength,  and  that  ship-iron  was  not  to  be 
compared  with  it.  He  hoped  steel  manufacturers  would  be  able  to 
bring  down  the  price  of  the  material,  so  that  steel  ships  might  be 
built  to  carry  measurement  goods  as  economically  as  iron  ships ;  and 
then,  in  the  course  of  a  little  time,  it  would  be  a  rare  thing  for  an 
iron  ship  to  be  built. 

Mr.  John  Eogerson  was  much  pleased  that  this  paper  had  been 
brought  forward;  and  would  first  refer  to  the  commercial  question, 
which  Mr.  Denny  had  also  treated  of.  The  following  were  the  cost 
of  building,  the  dimensions,  the  cost  of  sailing,  and  the  earning  power, 
of  a  steamer  going  to  Bilbao  : — Length  216  ft.  over  all,  beam  30  ft., 
depth  of  hold  16  ft.  3  in.,  cargo  1300  tons  on  14  ft.  7J?  in.  draught  of 
water ;  builders'  price  (in  1877)  in  iron  £17,000,  in  steel  £18,350, 
showing  a  difference  of  £1350.  The  gross  gain  due  to  the  use  of 
steel  was  as  follows  : — Extra  freight  at  £1  per  ton  on  70  tons  of  coal 
outwards  to  Bilbao  and  of  iron-ore  back  again,  giving  as  actual 
amount  received  on  twelve  voyages  in  the  year,  over  and  above  the 
freight  on  a  similar  vessel  built  in  iron,  £840  per  annum.  The  extra 
cost  was: — Extra  insurance  £148  10s. ;  loading  and  discharging  extra 
cargo,  at  2s.  per  ton,  £84 ;  5  per  cent,  brokerage  £42 ;  making 
£274  10s.  to  be  deducted  from  £840,  and  thereby  leaving  a  net  profit 
of  £565  10s.  on  the  £1350  extra  outlay.  It  was  possible  therefore, 
looking  at  the  matter  from  a  commercial  point  of  view,  that  a  steel 
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ship  would  not  cost  very  much  more  than  an  iron  ship,  while  it 
would  carry  more  cargo  and  earn  more  freight. 

But  the  main  points  to  which  he  wished  to  direct  attention  were 
that  the  steel  ship  would  draw  less  water,  that  it  would  cost  less 
for  repairs  and  renewals,  and  finally  that  it  would  last  longer ;  and 
therefore  as  a  permanent  investment  it  was  better  to  use  steel  than 
iron.  He  exhibited  a  piece  of  Cleveland  ironstone,  from  which  one- 
half  at  least  of  the  tonnage  of  the  world  in  iron  ships  was  now  being 
produced.  If  plates  made  from  that  ironstone  for  iron  ships  were 
examined,  and  then  the  steel  was  examined  which  was  put  into  the 
steel  ships — specimens  of  both  of  which  materials  were  exhibited — 
so  great  a  difference  would  be  found  that  he  believed  mechanical 
engineers  would  on  all  points  discover  the  advantages  of  using  steel 
instead  of  iron.  He  was  himself  .interested  both  in  Cleveland 
iron  and  in  Weardale  iron  and  steel,  of  which  he  exhibited  specimens. 
Some  twenty  years  ago  he  had  built  twenty  steamers  of  iron  for 
running  on  the  river  Tyne ;  but  the  cost  of  repairs  and  renewals  had 
been  so  great  that  in  the  twenty  years  the  hulls  of  all  the  steamers 
had  been  at  least  once  replaced  in  respect  of  cost.  A  new  era  had 
now  commenced.  Some  of  the  members  would  go  down  the  river 
that  afternoon  in  an  iron  steamer,  and  some  would  go  in  a  steel 
steamer,  the  Charles  Attwood,  in  which  the  hull,  boilers,  boiler  tubes, 
and  all  the  working  parts  of  the  engines  were  made  of  steel,  the 
boilers  costing  little  rnoro  than  if  of  iron.  He  intended  to  renew 
with  steel  the  present  line  of  iron  passenger  steamers  now  running 
on  the  Tyne.  The  plates  of  the  steel  ships,  should  any  paint  be 
rubbed  off  their  surface,  were  not  so  liable  as  iron  plates  to  become 
pitted  by  corrosion.  In  order  to  obtain  some  idea  of  the  comparative 
corrosion  of  iron  and  steel,  experiments  had  been  made  at  the  Tudhoe 
Iron  Works  on  the  specimens  now  exhibited  of  iron  and  steel  plates, 
of  the  chemical  composition  given  on  the  following  page.  These 
specimens  were  originally  2  in.  square  by  -§  in.  thick,  and  had  been 
immersed  in  a  bath  of  water  containing  1  per  cent,  of  sulphuric 
acid,  and  the  loss  in  weight  had  been  recorded  every  twenty-four 
hours.  In  seventeen  days  the  mild  steel  had  lost  only  4*8  per  cent, 
of  its  weight,  while  the  iron  samples  had  lost  from  35  to  79  per  cent. 
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Composition  of  experimental  Steel  and  Iron  Plates. 


Material. 


Iron 

Carbon  . . 
Manganese 
Silicon  . . 
Sulphur  .. 
Phosphorus 
Copper     . . 


Mild. 


Per  cent. 

99-354 
0-115 
0-504 
0-055 
0-028 
0-037 
Trace 


Medium 
Hard. 


Per  cent. 

98-400 
0-330 
1-008 
0-065 
0-022 
0-075 
Trace 


Tudhoe 
Best  Best. 


Per  cent. 
99-000 
Trace 
0-216 
0-111 
Trace 
0-165 
Nil 


Tndhoe 

Crown. 


Common. 


Per  cent.     Per  cent. 
98-900     98-800 


Trace 
Trace 

0-107 
Trace 

0-217 
Nil 


Trace 
Trace 
0-177 

o-oos 

0-532 
Nil 


Mr.  "W.  John  thought,  with  Mr.  Denny,  that  in  the  type  of  cargo 
ship  where  dead  weight  was  the  basis  steel  had  the  advantage.  In  the 
case  of  large  passenger  vessels  there  was  a  still  greater  advantage  in 
favour  of  steel,  if  dead  weight  were  the  basis.  For  instance,  in  a  vessel 
which  he  had  to  deal  with  a  few  days  ago,  the  increase  in  available  dead 
weight  by  the  use  of  steel  was  as  much  as  11  per  cent. ;  whereas  the 
increase  in  the  cost  of  the  vessel  was  not  more  than  6  per  cent.  So  far 
as  dead  weight  at  present  prices  was  concerned,  in  his  opinion 
Mr.  Denny's  figures  were  nearer  the  mark  than  Mr.  Price's ;  and  he 
believed  the  advantage  was  in  favour  of  steel.  But  the  difference  was 
a  question  of  slight  fluctuations  in  price  of  material ;  and  it  was  quite 
evident  that  no  one  could  say  whether  steel  or  iron  was  going  to  be 
the  leading  material  in  the  immediate  future.  He  thought  the 
probabilities  were  that  steel  would  come  down  in  price,  and  that  it 
would  be  very  rapidly  introduced  on  the  north-east  coast  to  a  larger 
extent  even  than  at  present  on  the  Clyde  ;  because,  with  their  dead- 
weight carrying  boats,  the  advantage  was  in  that  direction. 
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As  to  water-ballast,  lie  thought  the  height  of  the  double  bottom 
in  the  steel  vessel  need  not  be  increased  to  the  extent  of  immersing 

o 

the  vessel  as  deeply  as  she  would  be  if  of  iron ;  because  if  a  certain 
amount  of  weight  were  taken  out  all  over  the  hull  of  the  vessel,  then 
clearly  the  steel  ship  would  be  a  much  stiffer  and  safer  vessel  than 
the  iron  ship,  and  could  do  with  less  immersion.  To  say  that  the 
water-ballast  should  be  increased,  for  the  purpose  of  putting  the  steel 
ship  6  inches  deeper,  was,  he  thought,  an  over-statement. 

Allusion  had  been  made  in  the  paper  to  there  being  two  ways  of 
looking  at  the  matter.  On  the  one  hand,  taking  ships  of  the  same 
size,  there  was  a  certain  increase  in  the  dead-weight  carrying  capacity 
with  a  steel  ship  ;  and  on  the  other  hand,  of  two  vessels  costing  the 
same,  the  iron  vessel  was  larger  than  the  steel.  One  of  these  methods 
of  looking  at  the  matter  the  author  called  fallacious.  He  himself 
however  did  not  think  that  either  was  fallacious.  Either  it  was 
advantageous  to  build  a  steel  ship,  looked  at  in  whatever  way  they 
pleased ;  or  it  was  disadvantageous.  He  thought  the  result  would 
come  out  exactly  the  same,  whether  the  question  was  looked  at  from 
one  point  of  view  or  from  the  other.  If  a  larger  ship  were  built  in 
iron,  the  working  expenses  would  be  increased.  That  point  the 
author  had  indeed  touched  upon,  in  saying  that  the  size  and  the 
propelling  power  could  be  increased  at  the  rate  of  £10  per  ton  of 
dead-weight  capacity  ;  but  then  the  working  expenses  were  increased 
at  the  same  time,  so  that  it  came  to  the  same  thing. 

He  would  make  one  remark  about  the  quality  of  steel,  as  compared 
with  iron.  A  short  time  ago  his  firm  had  contracted  for  a  vessel  in 
iron,  and  it  was  a  stipulation  that  the  iron  should  be  capable  of 
stretching  5  per  cent,  with  the  grain  and  2-*-  per  cent,  across  the 
grain  ;  and  they  had  had  to  pay  an  extra  price  to  get  that  very  small 
percentage  of  elongation  in  the  iron.  Steel,  on  the  other  hand,  could 
easily  be  got  to  stretch  20  per  cent.,  without  extra  cost.  He  thought 
this  showed  how  very  much  more  reliable  steel  was ;  and  also 
that  steel  manufacturers  willingly  submitted  to  tests,  while  iron 
manufacturers  were  rather  shy  of  them.  With  regard  to  insurance, 
he  was  not  at  all  certain  that,  as  they  got  further  on,  and  had  more 
experience  with  steel  vessels,  they  would  not  find  a  difference  in  rates 
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between  the  insurance  on  steel  and  that  on  iron  vessels.  He  thought 
this  was  another  element  of  the  future  which  they  might  look 
forward  to. 

Attention  should  also  he  given  to  the  probable  behaviour  of  an 
iron  ship  and  of  a  steel  ship  when  knocking  about  on  rocks,  or  on  a 
hnrd  bottom.  The  best  example  he  could  give  was  that  of  a  vessel 
built  by  Mr.  Denny's  firm.  It  ran  on  the  rocks,  and  the  plates  were 
bent  up  to  such  an  extent  that  there  was  no  doubt,  if  the  vessel  had 
been  built  of  iron,  she  would  have  been  a  total  wreck,  and  probably 
there  would  have  been  great  loss  of  life ;  but  instead  of  that,  she  was 
got  off  without  making  a  drop  of  water.  There  were  several  cases  on 
record  of  that  kind. 

Mr.  E.  Withy  said  Mr.  Denny's  figures  came  very  much  nearer 
to  his  own  experience  last  year  in  building  a  steel  vessel  than  those 
given  in  the  paper.  With  regard  to  the  behaviour  of  a  steel  vessel  on 
the  rocks,  as  compared  with  an  iron  vessel,  he  might  mention  that  a 
case  had  occurred  in  the  Tees  a  few  weeks  ago,  where  a  steel  vessel, 
built  on  the  Tyne,  sat  on  a  large  stone,  and  doubled  up  her  plates 
considerably,  and  even  broke  some  internal  floor  plates.  The 
underwriters'  inspector  who  looked  at  the  vessel  stated  in  his  official 
report  that  if  she  had  been  built  of  iron  she  would  inevitably  have 
cracked  her  plates  and  filled  with  water,  and  probably  cost  the 
underwriters  thousands  of  pounds. 

He  understood  the  main  question  raised  in  the  paper  to  be — Was 
it  at  present  prices  desirable  as  a  commercial  investment  to  build  a 
steel  instead  of  an  iron  vessel  ?  The  author  answered  that  in  the 
negative.  But  if  a  steel  vessel  were  offered  to  the  author  at  the 
same  price  as  an  iron  vessel,  no  doubt  he  would  say  :  "  Well,  the  steel 
vessel  will  yield  a  greater  net  annual  profit,  and  therefore  I  will  take 
the  steel  vessel."  The  author  however  did  not  think  it  profitable  to 
pay  the  extra  price  now  required,  and  had  suggested  as  an  alternative 
that  the  iron  vessel  might  be  increased  in  size ;  but  that  was  open 
to  many  objections.  In  the  first  place,  to  increase  the  carrying  capacity 
of  a  vessel  by  100  tons,  the  gross  displacement  must  be  increased  not 
only  by  that  100  tons,  but  also  by  as  much  more  as  would  allow  for  the 
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extra  weight  of  the  increased  size  of  hull.  Then  there  would  come 
some  point  when  the  power  must  be  increased,  in  order  to  get  the 
same  speed;  and  the  gross  displacement  would  have  again  to  be 
increased  in  order  to  carry  the  extra  weight  of  engines.  The  net 
register  tonnage  upon  which  dues  were  charged  would  also  be  greater. 
But  there  was  another  point  even  more  important.  In  his  own 
experience  most  iron  cargo-vessels  were  built  as  near  to  Lloyd's  grades 
as  possible  ;  and  they  could  not  get  6  in.  more  in  length,  or  3  in.  in 
beam,  or  1  in.  in  depth,  without  exceeding  the  magical  line  drawn  by 
those  rules.  The  moment  that  line  was  exceeded,  the  weight  of  the 
vessel  was  very  largely  increased,  by  her  scantlings  having  to  be  made 
thicker  all  over.  The  steel  steamer  to  which  he  was  about  to  refer 
was  so  circumstanced.  He  quite  agreed  that  it  did  not  follow  that, 
because  large  liners  would  pay  if  built  of  steel,  therefore  all  cargo- 
boats  would  pay  if  so  built. 

Last  year  he  had  built  a  steel  screw  steamer — the  Cyanus — not 
however  one  of  the  most  favourable  type  for  showing  the  advantages 
of  steel.  She  was  a  single-deck  vessel,  with  a  long  full  poop  and 
top-gallant  forecastle,  the  poop  and  bridge-house  being  joined 
together.  That  meant  a  vessel  of  which  a  large  portion  was  of 
light  scantling,  and  upon  which  the  full  reduction  allowed  by  Lloyd's 
rules  could  not  be  got.  In  a  flush-deck  vessel,  with  main  scantlings 
going  to  the  upper  deck,  the  thicknesses  could  be  reduced  almost 
throughout :  so  that  his  ship,  not  being  of  this  type,  was  not  one 
of  the  most  favourable  specimens.  The  results  were  that  she  carried 
94  tons,  or  4  per  cent.,  more  dead  wTeight,  and  cost  between  £1500 
and  £2000  more  than  if  built  of  iron.  He  might  mention  a  few  facts 
relative  to  the  reductions.  He  found  that  the  amount  of  iron  not 
replaced  by  steel  was  15  per  cent. ;  but  the  steel  which  replaced  the 
85  per  cent,  of  iron  weighed  14  per  cent,  less  than  the  iron  did ; 
the  overhead  saving,  by  the  use  of  steel  and  iron  as  compared  with 
iron  only,  was  thus  only  12  per  cent. 

Now  4  per  cent,  additional  dead-weight  capacity  might  appear 
a  small  item,  but  it  was  really  much  more  important  than  it  might 
seem  at  first  sight.  The  vessel  carried  about  2400  tons  dead-weight, 
and  he  would  assume  that   on  a  certain  voyage  she   would  carry 
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300  tons  of  fuel ;  that  would  leave  2100  tons  of  cargo.  There  must 
be  a  certain  portion  of  that  cargo,  at  the  freight  earned,  which 
would  he  required  to  pay  for  the  working  charges  of  the  ship. 
Supposing  the  freight  on  1500  tons  was  so  absorbed,  the  profit-bearing 
portion  of  the  cargo  would  be  only  600  tons ;  and  upon  these  600  tons 
the  increase  of  94  tons  was  a  much  larger  item  than  the  4  per  cent, 
itself  looked  at  first.  Another  point  was  that  the  steel  vessel  would 
show  to  the  greatest  advantage  in  the  hardest  times  :  when  the  iron 
vessel  would  run  and  just  make  both  ends  meet,  the  steel  vessel 
would  have  those  94  tons  extra  cargo  mostly  to  the  good. 

For  convenience  of  comparison  he  had  drawn  up  a  statement  of 
the  leading  particulars  of  the  Cyanus,  in  the  same  form  as  that  given 
in  the  paper.  The  general  result  would  be  seen  to  be  that  the  net 
weight  of  steel  and  iron  in  the  Cyanus  as  actually  built  was  688  tons, 
costing  £6966  ;  while  the  estimated  weight  and  cost  of  the  iron,  had 
she  been  built  wholly  of  iron,  would  have  been  782  tons  and  £5187. 
Hence  the  steel  vessel  weighed  94  tons  less,  and  cost  £1779  more, 
than  the  iron  vessel  would  have  done. 


Particulars  of  Steel  Screw  Steamer  "Cyanus" 

Single-decked,  with  long  full  poop  and  bridge-house  in  one — 
topgallant  forecastle — main  and  poop  decks  of  steel — cellular  double 
bottom  all  fore  and  aft — classed  100  A  1  at  Lloyd's. 


Length  over  all 

Length  between  perpendiculars 

Breadth  moulded    . 

Depth  moulded 

Depth  of  hold 

Horse  power  of  engines  . 

Gross  tonnage 

Net  „ 

Total  equipped  weight    . 

Total  deadweight  on  18  ft.  4  in.  mean  draught 

Weight  of  water  ballast  in  double  bottom 

Mean  draught  in  ballast  with  double  bottom  full 

Cubic  capacity  of  hold  and  between  decks 

Height  of  double  bottom  above  top  of  keel 


273  ft.  7  in. 
264  ft.  5  in. 
34  ft.  2  in. 
19  ft.  6 J  in. 
IS  ft.  6  in. 
150  H.P. 
1635-49  tons. 
1060 -63  tons. 
1133  tons. 
2434  tons. 
431  tons. 
9  ft.  3  in. 
103,410  cub.  ft. 
3  ft.  6  in. 
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Cost  of  Steel  and  Iron  in  "  Cyanus  "  (taking  Mr.  Price's  values). 


£    s.    d. 

£ 

Steel  plates 

405  tons  net  ai 

9  12     6) 
9  12     6| 

5169 

„     angles 

132 

„     rivets 

33 

13     0    0 

429 

Iron  plates 

54 

6    0    0 

324 

,,     angles 

16 

5  10     0 

88 

„    packing 

12 

5  10     0 

66 

„     rivets 

4 

8    5     0 

33 

„     for  smiths 

24 

7  10     0 

ISO 

„     forgings 

8 

241 

Total  Steel  and  Iron  6S8  tons 

net. 

Loss  by  waste 
Cost 

436 

£6966 

Estimated  Cost  of  Iron,  to  build  same  vessel  wholly  in  Iron 
(taking  Mr.  Price's  values). 


£    g.     d, 

£ 

Iron  plates 

524  tons  net  at  6     0     0 

3144 

„     angles 

177        „ 

5  10    0 

973 

„     packing 

13 

5  10     0 

72 

„     rivets 

36 

8    5     0 

297 

„     for  smiths 

24 

7  10    0 

ISO 

„     forgings 

8 

241 

Loss  by  waste 

280 

Total  Iron    

.   782  tons  net. 

Cost 

£5187 

It  seemed  to  him  that  the  change  from  iron  to  steel  vessels  was 
analogous  to  that  which  had  taken  place  so  extensively  of  late  years,  in 
regard  to  engines.  It  had  heen  found  better  to  condemn  engines  of  the 
old-fashioned  type  which  were  not  nearly  worn  out,  and  to  incur  a 
large  capital  outlay  in  putting  in  engines  that  would  burn  very  much 
less  fuel.  Mr.  Marshall's  paper  on  the  marine  engine  had  quoted  the 
words  of  Mr.  Holt,  that  the  actual  disbursement  for  coals  was  not  a 
very  important  item.  But,  however  that  might  be,  he  himself  thought 
the  saving  in  weight  of  coal  to  be  carried  on  a  given  voyage,  due  to  a 
better  type  of  engine,  was  a  very  important  item,  and  was  just  the 
question  between  iron  and. steel  for  ships. 
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The  steel  vessel  Cyanus  had  of  course  no  more  stowage 
capacity  than  if  built  of  iron  ;  but  when  completely  full,  she  would 
draw  5  in.  less  water  than  an  iron  vessel.  When  in  ballast  also  she 
drew  5j  in.  less  water  than  an  iron  vessel ;  but  he  agreed  with 
Mr.  Martell  that  this  was  an  objection  easily  got  over,  and  he 
thought  the  author's  way  of  raising  the  tanks  all  fore  and  aft  was 
the  worst  way  in  which   it  could  be  done  for  a  steel  vessel. 

He  might  mention  that  not  a  particle  of  steel,  either  in  testing  or 
working,  had  been  condemned  throughout  the  building  of  the  Cyanus, 
which  had  been  his  first  experience  in  handling  steel ;  it  had  not 
been  worked  in  any  special  way,  but  none  of  it  had  been  broken  or 
condemned.  That  would  be  an  item  of  economy  in  the  future  in 
favour  of  the  production  of  steel  vessels.  A  few  steel  plates  and 
angle-bars  had  been  left  over  from  that  vessel ;  and  wherever  there 
was  difficult  flanging  to  be  done  for  an  iron  vessel,  for  instance  in 
the  angle-iron  collar  round  the  lower  end  of  the  rudder  trunk, 
he  had  frequently  found  that  the  men  had  taken  up  a  piece  of 
the  steel  for  making  it. 

He  had  been  responsible  to  the  owners  of  the  Cyanus  for 
recommending  that  she  should  be  built  of  steel  instead  of  iron ;  and 
the  ideas  that  ran  through  his  mind  might  be  summed  up  in  a  sort 
of  balance-sheet,  showing  the  differences  in  the  net  earnings  of  two 
steel  and  iron  boats  of  the  same  dimensions,  going  on  the  same 
voyages.  First,  on  the  credit  side  for  steel  there  was  4  per  cent, 
more  dead  weight  carried,  and  therefore  the  same  percentage  of 
increase  in  the  gross  earnings.  On  the  debit  side  there  was,  first,  the 
cost  of  loading  and  discharging  that  extra  cargo ;  secondly,  brokers' 
and  merchants'  commission  on  that  cargo ;  thirdly,  the  insurance 
upon  the  freight  of  the  extra  cargo  (or,  if  the  owner  did  not  insure 
his  freight,  he  ran  a  risk  of  losing  4  per  cent,  more  freight  than  in 
the  case  of  an  iron  vessel)  ;  fourthly,  there  was  the  insurance  on  the 
extra  capital  invested,  which  might  be  9  per  cent.,  assuming  that 
there  was  no  reduction  in  rates  for  a  steel  vessel,  which  however 
he  believed  would  come;  and  lastly,  there  was  the  depreciation 
upon  that  extra  capital.  He  submitted  that  this  gave  a  fair 
comparison  of  the  net  earnings  of  the  two  vessels.     But  a  slight 
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allowance  must  be  made  in  regard  to  time :  the  additional  94  tons 
of  cargo  could  not  be  loaded  and  discharged  in  no  time ;  therefore 
a  steel  ship  would  take  a  little  longer  over  each  voyage.  When 
these  points  had  all  been  taken  into  account,  it  only  remained  to 
be  considered  whether  the  net  earnings  of  the  steel  vessel  would 
pay  as  good  a  percentage  upon  her  value  as  the  net  earnings  of 
the  iron  vessel  would  upon  hers. 

Mr.  D.  Adamson  proposed  to  say  a  few  words  on  the  question  of 
corrosion,  which  had  alarmed  the  whole  public  through  one  or  two 
papers  that  had  been  read ;  and  which  must  more  or  less  affect  the 
application  of  steel  or  iron  to  ship-building  and  steam-boiler  purposes. 
A  paper  had  recently  been  read  on  the  subject  by  Mr.  Phillips, 
before  the  Institution  of  Civil  Engineers  (Proceedings,  vol.  lxv., 
p.  73) ;  and  another  paper  had  also  been  read  by  Mr.  Parker,  of  a 
less  alarming  character,  before  the  Iron  and  Steel  Institute  (Journal 
1881,  p.  39).  He  himself  looked  at  the  subject  of  corrosion 
somewhat  differently  from  the  way  in  which  it  had  been  investigated 
by  Mr.  Phillips.  Experiments  had  been  carried  on  by  Mr.  Phillips 
on  thin  plates  of  iron  and  steel,  immersed  in  salt  water,  the  thickness 
amounting  to  only  one-tenth  of  an  inch  or  so,  while  corrosion  was 
operating  on  both  sides.  Hence  under  the  corroding  influence  of 
salt  water  such  plates  would  show  double  the  extent  of  corrosion,  in 
consequence  of  their  being  attacked  on  both  sides.  He  was  not 
aware  that  a  boiler  or  ship  was  subject  to  a  continuous  corrosive 
influence  on  both  sides  at  one  and  the  same  time.  Whilst  the 
thickness  of  those  plates  had  been  only  one-tenth  of  an  inch,  he 
thought  he  was  entitled  on  the  other  hand  to  take  a  thickness  of 
plates  not  uncommonly  used  by  himself — namely  1  in.  If  the 
percentage  of  loss  was,  on  the  iVin.  plates,  20  per  cent,  for  both 
sides,  the  1  in.  thickness  brought  the  reduction,  in  proportion  to 
the  weight,  down  to  only  2  per  cent,  for  both  sides,  or  1  per  cent,  for 
one  side :  so  that,  in  the  comparison  of  the  thicker  metal  with  the 
thinner,  the  percentage  ceased  to  be  alarming. 

But  there  was  a  further  position  that  he  wished  to  take.     In  all 
cases,  according  to   his  experience,  where  iron  and  steel  had  been 
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subject  to  corroding  influences,  tlio  steel  was  attacked  in  a  greater 
degree  in  the  first  instance :  but  if  the  corrosive  influence  were 
allowed  to  operate  for  a  longer  time,  then,  instead  of  tbe  steel  losing 
more  than  tbe  iron,  it  positively  lost  less.  Hence  not  only  must  tbe 
tbickuess  of  tbe  metal  be  taken  into  account,  but  also  tbe  lengtb  of  time 
tbe  experiment  bad  been  carried  on.  According  to  tbe  experiments 
already  referred  to  (page  5G3),  from  wbicb  samples  were  exhibited, 
and  wbicb  had  been  confirmed  by  other  experiments  of  his  own,  a 
piece  of  puddled  iron,  2  in.  square  by  |  in.  thick,  lost  in  seventeen 
days'  immersion  in  a  bath  of  water  with  1  per  cent,  of  sulphuric 
acid  about  85  per  cent,  of  its  weight.  Mild  steel,  suitable  for  ship  or 
boiler-plate  purposes,  lost  about  8  per  cent.  Harder  steel  or  bridge 
metal — metal  that  would  carry  55  tons  per  sq.  in. — lost  less  than 
mild  steel  during  the  early  part  of  the  experiment ;  but  after  some 
days  the  position  was  altered,  and  the  milder  metal  lost  less.  Pure 
iron — which  was  very  difficult  to  get  and  enormously  costly — lost  the 
least  of  all,  not  more  than  7  per  cent,  in  the  same  time.  In 
examining  the  question  to  the  best  of  his  ability,  and  consulting 
others  of  large  experience,  he  had  come  to  the  conclusion,  that  it  was 
not  a  question  of  a  certain  definite  action  tending  to  destroy  the  iron 
as  a  whole,  but  that  it  would  appear  on  the  whole  that  the  material 
which  suffered  most  from  corrosion  was  that  which  contained  the 
largest  amount  of  foreign  matter ;  and  this  applied,  whether  the 
foreign  matter  was  associated  with  the  iron  by  chemical  union  or  by 
mechanical  admixture  like  cinder,  the  latter  suffering  the  most  in 
the  same  time. 

Leaving  that  subject,  he  would  pass  on  to  the  question  of  dead 
weight.  The  reduction  of  14  per  cent,  allowed  for  steel  was  founded 
on  certain  tests,  excellent  he  bad  no  doubt  in  some  way  or  other ; 
but  it  was  a  misfortune  to  include  among  them  what  was  called  the 
cold-water  test.  He  failed  himself  to  comprehend  why  shipbuilding 
steel  should  be  subjected  to  a  test  by  plunging  into  cold  water,  when 
it  was  never  applied  under  those  conditions.  He  could  quite 
understand,  and  indeed  he  was  quite  satisfied,  that  there  was  an 
exceptional  compound  —  and  if  his  friend,  Mr.  Cowen,  of  the 
"Weardale  Iron  Works,  was  present,  he  would  bear  testimony  to  it — 
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which  was  improved  by  being  plunged  into  water,  acquiring  thereby 
a  higher  power  of  endurance  than  if  it  had  simply  been  annealed. 
That  was  not  the  system  under  which  ship-plates  were  used ;  and 
this  test  was  beside  the  question,  and  had  rather  a  tendency  to  lead 
astray  than  otherwise. 

In  comparing  iron  and  steel  with  regard  to  their  mechanical 
properties,  there  was  often  an  idea  that  they  both  possessed  a  certain 
average  tensile  strength  or  elongation  in  all  directions.  Taking  for 
instance  a  piece  of  angle-iron  or  flat  bar,  and  pulling  it  asunder 
longitudinally,  the  common  commercial  iron  of  this  country  would 
break  at  about  22  tons  per  sq.  in.  But  in  no  case  that  he  knew  of 
had  the  same  iron  been  pulled  asunder  transversely ;  and  yet  how 
often  must  that  iron,  as  used  for  shipbuilding,  be  pulled  transversely, 
especially  in  the  angle-bars.  In  his  experience  in  that  matter  the 
same  bars  which  would  withstand  22  tons  per  sq.  in.  in  the  longitudinal 
direction  would  give  way  transversely  with  8  tons  only.  That  was  due 
to  the  cinder,  which  would  probably  exist  in  the  original  pile  in  the 
form  of  little  patches  at  certain  points,  but  would  be  elongated  in  the 
longitudinal  direction  by  rolling,  forming  interlacings  of  a  very 
minute  character,  which  assisted  to  produce  the  general  conditions  of 
■what  was  called  fibre.  When  torn  transversely,  there  was  no  elongation 
and  no  warning,  but  the  iron  broke  down  with  abruptness.  Plates 
followed  the  same  law,  materially  depending  on  the  same  condition, 
namely  what  quantity  of  cinder  existed  at  any  given  point.  At  a 
previous  meeting  (Proceedings  1880,  p.  93)  Mr.  Head  had  stated 
that  the  average  tensile  strength  of  good  plate  iron  was  something  like 
22  tons  per  sq.  in.  longitudinally  and  18  tons  transversely.  For 
testing,  he  had  himself  generally  bought  plates  commercially, 
without  the  manufacturer  knowing  that  they  were  for  testing ;  and 
his  experience  was  that  in  iron  plates  there  was  a  tensile  strength 
of  only  about  18  tons  per  sq.  in.  longitudinally,  and  that  the  strength 
often  dropped  down  to  13  tons  transversely.  That  was  a  very 
different  thing  from  steel  plates,  though  much  better  than  the  mere 
8  tons  he  had  found  as  the  transverse  tensile  strength  in  bars  or 
angle-irons.  There  was  not  an  engineer  of  experience  who  did  not 
know  of  disastrous  calamities  arising  from  some   cause  altogether 
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exceptional ;  and  he  held  that  this  cause  was  a  weakness  in  the 
transverse  direction,  due  to  the  cinder  interlaced  in  ordinary  bar 
and  angle-iron.  Steel  did  not  follow  such  a  law  ;  it  possessed  a 
tensile  strength  of  from  28  to  32  tons  per  sq.  in.,  as  used  for  boilers 
and  ships,  and  did  not  vary  more  than  2  per  cent,  whether  tested 
longitudinally  or  transversely.  Hence  with  angles  or  flat  bars  the 
dimensions  to  stand  lateral  strain  might  be  much  reduced  in  the  case 
of  steel,  as  compared  with  iron,  for  the  framework  of  steel  ships  and 
similar  structures. 

Mr.  Price,  in  reply,  said  he  had  no  reason  to  complain  of  the 
discussion ;  on  the  contrary,  he  had  some  reason  for  satisfaction  in 
having  brought  the  subject  before  the  members.  He  was  conscious 
that  he  stood  before  them,  in  the  face  of  the  figures  which  had  been 
given,  very  much  in  the  character  of  a  culprit ;  but  he  felt  satisfied 
that  he  should  rehabilitate  himself,  before  he  had  done.  He  had 
tried  to  give  an  entirely  different  character  to  the  discussion  from 
those  which  had  taken  place  on  previous  occasions  upon  similar 
questions ;  and  had  attempted  to  look  at  the  subject  purely  from  a 
shipowner's  point  of  view.  The  brief  and  simple  paper  that  he  had 
submitted  was  entirely  with  this  object,  that  the  shipowner  should 
be  able  to  take  it  up,  and  to  deal  with  the  question,  what  would  it  cost 
to  carry  a  ton  of  dead  weight  in  steel  or  in  iron ;  so  that  shipbuilders 
might  be  able  to  put  into  the  shipowners'  hands  some  reliable  data, 
upon  which  to  decide  this  important  question  for  themselves. 

He  wished  first  to  bear  willing  testimony  to  the  indebtedness  of 
the  community  to  the  efforts  of  Mr.  William  Denny,  in  bringing 
forward  the  subject  from  time  to  time.  He  thought  also  that  Mr. 
Denny  owed  something  to  him,  in  that  they  had  been  able  to 
approach  the  subject  that  day  without  having  the  steel  manufacturers 
assailing  Mr.  Denny,  as  they  had  been  provoked  to  do  on  the  last 
occasion  ;  and  without  having  Lloyd's  surveyors  defending  themselves, 
as  they  also  had  been  provoked  to  do  on  a  former  occasion.  They  had 
had  very  much  of  a  free  discussion,  and  the  result  had  been  highly 
advantageous  to  those  most  interested,  namely  themselves. 
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Mr.  Denny  had  commenced  by  saying  that  in  his  own  paper  he 
had  not  had  cargo  ships  in  his  mind.     Perhaps  he  might  refer  to  a 
single   paragraph   in   Mr.  Denny's   paper,    both   as   bearing  on  the 
question  of  cargo  carriers,  and  also  as  having  some  reference  to  the 
figures   that   had   been   given.     Mr.  Denny  had  now  attempted  to 
show  that  a  steel  cargo-carrying  ship  could  be  built  cheaper  than 
an  iron  one  ;  yet  in  his  paper  in  the  spring  of  the  year  (Iron  and 
Steel  Institute  Journal,  1881,  p.  59)  he  had  shown  that  the  increase 
of  dead-weight  capacity  in  a  cargo  carrier  built  of  steel  was  obtained 
at  a  cost  about  £2  per  ton  higher  than  the  cost  of  the  dead-weight 
capacity  in   ordinary  iron  dead-weight  carriers :    although  he    had 
added  that — inasmuch  as  insurance  and  depreciation  would  be  the 
only  charges  against  this  higher  cost,  while  neither  coals  nor  current 
expenses  nor  dues  came  against  it — there  was  no  doubt  the  increase 
of  dead-weight  capacity  would  be  a  source  of  very  decided  clear  profit 
in  the  working  of  the  steel  steamer.     To-day  was  therefore  not  the 
first  time  when  the  dead-weight  question  had  been  considered,  and  in 
relation  to  the  particular  elements  which  entered  into  the  question  of 
what  the  ship  would  cost. 

He  had  now  to  defend  his  own  figures,  and  to  show  that  Mr. 
Denny's  figures  were  not  fair  to  the  iron  ship.  With  regard  to  the 
price  of  steel,  be  would  take  Mr.  Denny's  lowest  figure  of  £8  14s.  9d. 
per  ton  on  the  Clyde,  which  would  be  £9  4s.  (id.  at  Newcastle. 
Similarly  the  price  of  £5  16s.  for  iron  was  in  the  Tyne  district, 
not  in  Glasgow.  He  quite  agreed  that  it  was  a  question  of  pounds, 
shillings,  and  pence;  but  shipowners  did  not  go  everywhere  and 
anywhere  to  buy  ships :  they  had  to  deal  with  the  matter  as  affected 
by  the  prices  in  their  own  neighbourhood.  Having  therefore  got  a 
bond  fide  quotation  from  the  Steel  Company  of  Scotland  at  £9  12s.  (id. 
all  round  for  angles  and  plates,  and  having  taken  the  selling  price 
of  iron  at  Middlesbrough,  he  considered  that  he  bad  acted  fairly  in 
bringing  forwards  the  figures  given  in  his  paper.  If  he  had  gone  to 
Middlesbrough  he  could  perhaps  have  bargained  for  7s.  less  on  the 
iron ;  and  if  to  Glasgow  for  5s.  less  on  the  steel :  in  the  former  case 
the  7s.  reduction  would  have  been  upon  £5  16s.,  and  therefore  a 
much  larger  proportionate  reduction   than  the  5s.  off  £9    12s.   (id. 
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As  to  the  quantity  of  iron  in  bunkers  &c,  referred  to  by  Mr.  Denny 
as  not  having  been  deducted  in  the  steel  ship,  it  was  simply  a  mistake 
altogether  to  imagine  that  this  had  not  been  properly  allowed  for  in 
the  paper  :  in  fact  it  was  stated  (p.  554)  that  the  substitution  of  steel 
for  iron  was  limited  to  the  hull  of  the  ship. 

To  show  the  kind  of  reasoning  with  which  the  subject  bad  been 
burdened,  he  should  like  to  give  one  example.  In  Mr.  Denny's 
recent  paper  already  referred  to  a  comparison  had  been  made  between 
an  iron  ship  and  a  steel  ship.  One  of  the  elements  of  cost  was  of 
course  the  length  of  the  plates.  In  an  iron  ship  they  were  ordinarily 
made  10  ft.  or  12.  ft.  in  length  :  that  was  the  standard  length  for 
ship-plates,  and  it  was  satisfactory.  But  in  Mr.  Denny's  paper  (Iron 
and  Steel  Institute  Journal,  1881,  p.  64)  steel  plates  were  assumed 
of  16  ft.  length ;  and  it  was  argued  that  if  they  had  been  made  to 
that  greater  length  in  iron  they  would  have  cost  so  much  extra,  and 
therefore  that  the  iron  ship  should  be  charged  with  this  extra  cost, 
a  cost  which  bad  not  really  been  incurred. 

With  regard  to  the  observation  that  he  had  taken  126  tons  as 
the  saving  due  to  using  steel,  and  not  165  tons,  he  wras  indebted  to 
Mr.  Denny's  paper  for  his  reason  for  thus  reducing  the  net  saving  due 
to  steel :  for  in  that  paper  *  the  reduction  upon  scantling  sections  by  the 

*  The  portion  of  Mr.  Denny's  paper  referred  to  here,  and  subsequently  on 
page  579,  is  as  follows  (Iron  arid  Steel  Institute  Journal,  1881,  pp.  54-56) : — 

"  The  experience  of  my  firm  is  that  by  building  a  steamer  in  steel  instead  of 
iron,  a  saving  averaging  13J  per  cent,  upon  the  weight  of  the  iron  can  be  effected. 
The  variation  in  the  percentage  is  very  slight,  the  highest  saving  we  have  yet 
inade  amounting  to  a  little  over  14  per  cent.,  and  the  lowest  to  13  per  cent.  In  an 
appendix  are  given  the  items  of  the  invoiced  iron  weight  of  a  spar-decked  steamer 
of  about  4000  tons  gross,  with  their  cost  at  present  current  prices  of  iron,  and  in  the 
same  appendix  are  given  the  same  particulars  for  the  vessel  constructed  in  steel. 
You  will  notice  that  the  amount  of  the  invoiced  iron  in  the  iron  steamer  is 
2333  tons,  and  of  the  invoiced  iron  and  steel  in  the  steel  steamer  2030  tons,  the 
difference  being  as  nearly  as  possible  13  per  cent,  upon  the  weight  of  iron.  This 
is  rather  less  than  the  average  reduction  mentioned  above,  and  the  diminution  of 
the  percentage  is  due  to  the  fact  that  in  a  spar-decked  vessel,  the  iron  scantlings 
being  already  to  some  extent  reduced,  it  is  impossible  in  employing  steel  to 
reduce  them  in  the  same  ratio  as  in  a  three-decked  or  full  scantlinged  vessel. 
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substitution  of  steel  was  assumed  at  18^  per  cent.  ;  but  it  was  further 
pointed  out  that  the  reduced  weight  so  arrived  at  had  then  to  be 
increased  by  2^  per  cent.,  to  allow  for  the  difference  of  weight 
between  equal  volumes  of  iron  and  mild  steel.  Now  165  tons 
treated  in  that  way  became  very  nearly  the  126  tons  given  in  his  own 
paper  (p.  554)  as  the  difference  between  the  1740  tons  equipped  weight 
in  the  iron  ship  and  the  1614  tons  in  the  steel  vessel ;  and  it  would 
be  seen  he  had  there  pointed  out  that  this  result  was  arrived  at  after 
allowing  for  the  difference  of  weight  between  equal  volumes  of  iron 
and  mild  steel. 

This  he  thought  might  suffice  to  dispose  of  the  points  raised  in 
relation  to  the  actual  figures  given  in  his  paper.  The  real  point 
at  issue,  he  contended,  had  not  been  touched  by  the  figures  either 
of  Mr.  Denny  or  of  Mr.  Eogerson.  The  steel  ship  mentioned  by 
Mr.  Eogerson  had  been  a  bargain ;  and  bargains  did  not  rule 
transactions  that  took  place  from  day  to  day.  The  earnings  upon  his 
first  ship,  where  he  showed  a  large  return  upon  70  tons  extra  carrying 

la  the  case  of  an  awning-decked  steamer,  which,  as  compared  with  a  three- 
decked  vessel,  is  further  reduced  in  iron  than  a  spar-decked  steamer,  the  percent- 
age of  reduction  in  steel  would  be  slightly  under  13  per  cent.,  and  for  similar 
reasons.  You  will  notice  that  in  the  weight  of  iron  and  steel,  required  for 
building  the  steel  steamer,  there  are  340  tons  of  iron  which  are  employed  in  the 
building  of  deck-houses,  coal-bunkers,  engine  and  boiler  casings,  coal-shoots, 
coamings,  and  engine  and  boiler  seatings.  On  this  no  reduction  is  made;  and  if 
we  add  to  this  weight  41  tons  of  forgings,  which,  although  of  scrap  steel,  it  is  not 
the  practice  of  my  firm  to  reduce,  we  have  381  tons  of  the  original  iron  weights 
not  subject  to  any  reduction,  thus  leaving  only  1952  tons  subject  to  reduction. 

"  If  we  assume  the  amount  of  reductions  permitted  by  Lloyd's  to  be  1 8^  per  cent, 
upon  scantling  sections,  we  will  not  be  very  far  wide  of  the  mark,  as  although 
the  rules  permit  a  reduction  of  sectional  area  of  20  per  cent,  and  in  some  cases  a 
little  more  on  certain  portions  of  the  structure,  on  other  portions,  such  as  the 
beams,  frames,  and  reverse  frames,  it  is  impossible  to  approach  this.  If  we  now 
deduct  from  the  1952  tons  of  iron  subject  to  reduction  18.J  per  cent,  for  reduction 
of  sectional  area,  we  have  1591  tons ;  but  this  weight  has  to  be  increased  by 
2J  per  cent,  the  amount  of  the  difference  of  weight  between  equal  volumes  of 
mild  steel  and  iron.  This  adds  40  tons,  making  the  correct  weight  1631  tons. 
Adding  to  this  the  381  tons  of  iron  common  to  both  the  iron  and  steel  steamers, 
we  have  a  total  of  2012  tons,  or  very  nearly  the  correct  amount  estimated  in  tho 
appendix  as  the  weight  of  the  steel  and  iron  in  the  steel  steamer." 
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capacity,  had  been  estimated  much  in  the  manner  referred  to  in 
the  paper,  namely  by  taking  the  increase  in  the  earnings  and  putting 
almost  the  whole  of  that  increase  as  a  dividend  upon  the  increased 
cost  of  the  steel  ship.  That  was  beside  the  question,  if  it  did  not 
tally  with  the  results  of  the  method  laid  down  in  the  paper,  as  that 
upon  which  an  owner  ought  to  proceed.  The  owner,  as  a  carrier, 
wanted  a  certain  amount  of  capacity.  A  unit  of  capacity  was  the 
unit  upon  which  he  reckoned  his  earnings,  and  that  was  the  basis 
upon  which  he  shoidd  calculate  his  cost  and  his  investment.  No 
owner  having  a  steel  ship  of  3500  tons  total  capacity — 200  more 
than  if  she  were  an  iron  ship — would  debit  her  with  3300  tons  at 
one  price  and  200  tons  at  a  higher  price ;  he  would  of  course  take 
the  average  cost  per  ton  of  the  whole  dead  weight.  It  did  not 
matter  arguing  upon  the  percentages,  and  upon  the  net  effect 
produced  on  the  year's  earnings  by  that  small  accession  to  the 
tonnage.  If  it  could  not  be  shown  that  the  net  cost  per  unit  of 
capacity  was  lower,  the  ship  could  not  be  cheaper ;  if  it  was  lower, 
ihe  ship  was  cheaper.  In  this  he  was  only  stating  a  truism,  which 
was  the  basis  of  every  day's  business,  and  which  they  invariably 
proceeded  upon. 

He  should  like  to  clear  himself  from  the  suspicion  that  he  had 
any  antagonism  to  steel.  No  one  had  done  more  than  himself,  so  far 
as  he  could,  in  endeavouring  to  arrive  at  an  understanding  upon 
which  he  could  advise,  when  his  advice  was  asked,  on  this  question. 
What  he  wanted  to  arrive  at  was  to  be  able  to  tell  which  was  the 
cheaper  ship ;  and  it  must  be  remembered  that,  in  the  comparison 
between  the  two,  p.  555,  it  was  the  selling  price  of  the  iron  ship  that 
was  taken,  including  the  builder's  profit,  while  with  the  steel  ship  it 
was  the  bare  cost  of  construction  only.  But,  so  soon  as  a 
steel  ship  could  be  built  as  cheap  as  an  iron  ship,  giving  the 
owner  the  advantage  of  the  increased  dead  weight,  he  should 
advocate  it  as  strenuously  as  possible.  He  was  not  an  advocate 
of  iron  ships  as  against  steel,  but  quite  the  contrary ;  he  believed 
steel  was  the  better  material  ;  and  in  saying  so  he  thought  he 
showed  himself  fair.  What  they  had  to  endeavour  to  do  was  to 
find   out  which   was  the  best  investment;  and  having  done   so,   to 
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give  their  advice  irrespective  of  what  might  be  the  bearing  of  the 
question  upon  their  own  interests. 

Mr.  Denny  asked  to  be  allowed  to  offer  an  explanation.  With 
regard  to  the  use  of  plates  of  16  feet  length  in  the  iron  ship  of 
which  he  had  given  the  particulars  in  his  own  paper  (Iron  and 
Steel  Institute  Journal,  1881,  p.  64)  it  would  be  found  that  the 
cost  of  the  iron  ship  had  there  been  worked  out  simply  for  ordinary 
plates,  without  including  the  extra  payment  for  the  longer  plates  :  so 
that  there  was  no  unfairness  to  the  iron  ship,  for  which  the  cost  of 
the  iron  was  in  that  way  made  out  at  only  £14,501.  The  omission 
of  the  extra  payment  was  rendered  quite  clear  by  the  note  added  as 
follows : — "  Owing  to  the  plates  in  this  steamer  being  16  feet  long, 
610  tons  of  them  exceed  the  limits  allowed  by  iron  makers  in  size 
and  weight,  and  on  this  an  extra  payment  of  £650  would  be  required. 
The  true  cost  of  the  iron  would  therefore  be  £15,151  instead  of 
£14,501.  The  limits  allowed  by  the  steel  makers  would  entail  no 
extras  on  this  vessel." 

There  was  another  point  which  ought  to  be  made  clear.  In  the 
portion  of  his  own  paper  from  which  both  Mr.  Price  and  himself  had 
already  quoted  *  it  was  shown  that,  carefully  estimated,  the  weight 
of  iron  in  a  spar-decked  iron  steamer  of  4000  tons  gross  was  2333 
tons,  while  the  weight  of  steel  and  iron  in  the  same  vessel  built 
of  steel  was  2030  tons  :  being  a  difference  of  as  nearly  as  possible 
13  per  cent,  upon  the  weight  of  the  iron.  It  was  further  pointed  out 
that,  on  account  of  the  initially  lighter  scantlings  of  spar-decked 
steamers,  the  percentage  of  reduction  was  lower  in  this  class  than  in 
the  three-decked  class — to  which  latter  belonged  the  example  taken 
in  the  present  paper.  In  the  approximate  explanation  then  given  of 
how  the  above  reduction  of  13  per  cent,  came  about,  full  provision 
was  made  for  the  difference  of  2i  per  cent,  between  the  weights  of 
equal  volumes  of  iron  and  mild  steel.  In  the  same  way  the  14  per 
cent,  of  reduction,  attainable  in  the  heavier-scantling  three-decked 
class  of  steamer  dealt  with  in  the  present  paper,  fully  covered  all 

*  See  foot-note  on  pages  576-7  ante. 
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consideration  of  the  same  2i  per  cent,  difference.  This  the  following 
figures  would  show  clearly.  From  the  1179  tons  of  iron  in  the  hull 
of  the  author's  iron  vessel,  the  deduction  of  14  per  cent.,  or  105  tons, 
left  1014  tons  as  the  weight  of  iron  and  steel,  if  the  same  hull  were 
built  of  steel.  Now  deducting  from  1179  tons  the  170  tons  which 
he  had  previously  assumed  as  the  weight  of  iron  that  would  not  be 
replaced  by  steel,  and  consequently  would  not  undergo  reduction  of 
section,  there  would  remain  a  balance  of  1009  tons  as  the  weight  of 
iron  that  could  be  reduced  in  section  through  being  replaced  by  steel. 
Assuming  18r>  per  cent,  as  Lloyd's  allowance  for  reduction  of  section 
in  steel,  this  would  give  a  deduction  of  187  tons  from  the  1009  tons 
of  iron,  leaving  822  tons  of  steel :  which,  when  increased  by  the 
2j  per  cent,  greater  specific  gravity  of  mild  steel,  became  843  tons. 
Adding  to  this  the  170  tons  of  unaltered  iron,  the  final  result  was  a 
total  of  1013  tons  as  the  joint  weight  of  the  steel  and  iron  in  the 
author's  steamer  when  built  of  steel.  This  was  within  one  ton  of  the 
weight  of  1014  tons,  which  he  had  obtained  above  by  simply  deducting 
14  per  cent,  from  the  original  1179  tons  weight  of  the  iron  hull. 
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ON  SLIPWAYS. 


By  Mr.  WILLTAM  BOYD,  op  Wallsend-ox-Tyne 

In  responding  to  an  invitation  to  read  a  short  paper  on  the  modes 
used  for  hauling  up  vessels  on  slipways,  the  writer  wishes  it  to  be 
understood  that  his  principal  object  has  been  to  give  a  brief 
description  of  the  method  in  use  at  the  Wallsend  Slipways,  which 
are  to  be  visited  by  the  Members  of  the  Institution  on  this  occasion. 
But,  before  describing  the  system  employed  there,  he  proposes  to 
refer  shortly  to  two  or  three  others,  each  of  which  possesses  certain 
peculiarities  of  its  own. 

Armstrong's  System. — This  system  is  in  use  at  the  Howdon  Yard 
of  the  Tyne  Improvement  Commissioners,  and  can  be  seen  during 
this  week  by  Members  of  the  Institution. 

It  consists  of  one  hydraulic  cylinder  A,  Figs.  1  to  3,  Plate  78, 
in  which  works  a  piston  X,  attached  to  a  hollow  ram  B.,  Fig.  3. 
Inside  this  ram  a  second  ram  C  is  placed ;  and  by  the  combination  of 
these  three  different  powers  are  obtained.  For  light  loads  pressure 
is  admitted  to  the  inside  of  the  ram  B  only,  forcing  out  the  small 
ram  C  ;  for  intermediate  loads  pressure  is  admitted  to  each  side  of 
the  piston  X,  and  a  power  is  obtained  due  to  the  area  of  the  large 
ram  B.  For  heavier  loads  pressure  is,  in  the  same  manner,  admitted 
to  the  back  of  the  piston ;  but  the  other  side  is  opened  to  the  exhaust, 
and  thus  the  full  value  of  the  piston  area  is  obtained. 

The  mode  of  hauling  is  as  follows.  A  wrought-iron  crosshead  is 
attached  to  the  end  of  the  ram  C,  from  which  two  short  stud-link 
chains  pass  backwards  to  two  barrels  DD,  keyed  on  a  cross  shaft 
behind  the  cylinder  and  having  the  end  of  the  chain  securely  fastened 
to  them.  On  this  same  shaft  are  placed  two  chain-wheels  EE, 
running  loose  on  the  shaft,  but  which  can  be  connected  at  will  with 
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the  chain  barrels  D  by  suitable  clutch  gear ;  round  these  chain-wheels 
are  passed  the  chains  J,  leading  down  the  slipway  to  the  cradle.  When 
the  ram  is  forced  out  of  the  cylinder,  the  chain  barrels  D  are  made 
to  revolve  through  an  arc  of  a  circle,  duo  to  the  stroke  of  the 
ram,  and  carry  with  them  through  the  same  arc  the  chain-wheels  E, 
round  which  the  slipway  ohain  J  is  wound  ;  this  chain,  as  it  uncoils, 
drops  into  a  pit  behind.  When  this  movement  ceases,  the  vessel  is 
held  in  position  by  three  pawls  on  the  pawl-wheel  F,  and  remains 
stationary.  The  clutch  which  connects  the  wheels  E  with  the  barrels 
D  is  then  withdrawn,  and  the  drawback  cylinder  G  coming  into 
operation  draws  the  ram  back  into  the  cylinder  A,  by  causing  the  chain 
wheels  D  to  revolve  back  again,  through  the  same  segment  of  a  circle 
as  that  through  which  they  had  been  made  to  revolve  by  the  outward 
movement  of  the  ram.  The  whole  machinery  is  then  in  its  original 
position,  and  the  water  being  again  admitted  to  the  ram,  the 
operation  is  repeated  till  the  vessel  is  hauled  up  the  slipway  as  far  as 
required.  The  relief  valve  is  operated  by  the  tappet  rod  T,  worked 
off  the  cross-head ;  and  the  empty  cradle  is  hauled  up  and  down 
the  slipway  by  the  chain  K,  shown  at  the  side  in  Fig.  2. 

2.  Hayivard  Tyler  and  Co.'s  System. — The  system  of  haulage 
adopted  in  this  case  is  shown  in  Figs.  6  and  7,  Plate  79.  As  described 
in  "  Engineering,"  11  May  1877,  it  consists  of  four  hydraulic  cylinders, 
laid  parallel  and  in  pairs,  as  shown.  The  rams  of  each  pair  are 
connected  by  a  crosshead,  through  which  the  traction  links  A  pass,  and 
thence  extend  down  the  slipway  to  the  cradle.  On  the  top  of  each 
crosshead  are  bolted  two  standards  B :  through  the  upper  end  of  each 
passes  a  horizontal  shaft,  with  a  hand-lever  on  the  outer  end.  In 
the  centre  of  this  shaft  is  keyed  a  double  segment  C,  one  arm  of 
which  is  weighted,  while  from  the  other  is  suspended  an  iron  block 
D,  which  serves  as  a  stopper,  and  is  so  placed  as  to  drop,  when 
the  segment  is  depressed,  between  a  pair  of  short  links  in  the 
traction-rod.  These  pairs  of  short  links  E  are  placed  at  regular 
intervals  corresponding  with  the  stroke  of  the  ram.  The  balance 
weight  on  the  segment  C  holds  up  the  stopper  in  the  position  shown 
on  the  right  hand  in  Fig.   6,   out  of  the  way  of  the  rods ;  but  by 
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turning  the  lever  on  the  end  of  the  horizontal  shaft,  as  shown  on  the 
left  hand,  the  stopper  is  lowered  into  its  place  between  the  pair  of 
short  links,  and  against  the  crosshead  which  couples  the  pair  of  rams. 
The  action  of  the  machine  is  as  follows.  When  the  traction-rods  have 
been  connected  to  the  cradle,  and  led  up  to  the  cylinders,  the  forward 
"  stopper  "  is  depressed  into  its  position  between  the  links,  and  the 
forward  rams  are  put  in  motion,  thus  carrying  forward  the  traction- 
rods  and  hauling  the  vessel  up  the  slipway.  Immediately  before  the 
travel  of  the  first  pair  of  rams  is  completed,  the  second  stopper  is 
lowered  to  engage  between  another  pair  of  links,  and  the  hinder  rams 
are  then  set  in  motion,  continuing  the  work.  As  soon  as  the  strain 
is  thus  taken  off  the  first  stopper,  it  is  raised  clear  of  the  links  by  the 
balance  weight  on  the  segment,  and  is  lowered  again  only  when  the 
second  pair  of  rams  have  nearlyconipleted  their  stroke,  the  first  rams 
having  been  meantime  run  back.  Thus  the  work  of  hauling  up  the 
cradle  proceeds  continuously.  The  back  travel  of  the  rams  is 
effected  automatically  by  means  of  counter-weights,  the  water  pressure 
being  first  relieved  by  the  crosshead  striking  a  stud  which  opens  an 
outlet  valve ;  or  in  some  cases  a  small  reversing  cylinder  is  employed 
instead  of  a  counter-weight. 

This  apparatus  has  been  sirpplied  by  Messrs.  Hayward  Tyler 
and  Co.  to  the  Italian  Government  for  the  dockyard  at  Spezia,  and 
to  many  other  foreign  ports.  It  seems  to  possess  the  advantage  of 
avoiding  the  loss  of  time  due  to  "  fleeting  "  or  interruption  in  the 
movement  of  the  vessel,  and  to  any  retrogression  of  the  cradle  ;  but 
the  first  cost  would  apparently  be  very  great. 

3.  Day  Summers  and  Co.'s  System. — This  simple  arrangement  is 
employed  by  Messrs.  Day  Summers  and  Co.  at  Southampton,  and  is 
shown  in  Figs.  4  and  5,  Plate  78.  As  described  in  "  The  Engineer," 
12  September  1879,  it  consists  of  a  drum  B,  5  ft.  2  in.  diameter,  on 
which  is  wound  a  steel  wire  hawser  A,  9  in.  in  girth,  and  which  is 
driven  by  worm  wheel  and  gearing  connected  with  a  small  pair  of 
engines,  as  shown.  This  drum  is  large  enough  to  carry  the  whole 
length  of  the  wire  hawser  without  a  second  coil.  To  prevent  any 
bruising  of  the  strands  of  the  steel  wire  against  the  iron  drum,  the 
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surface  of  the  latter  is  covered  with  hard  rope,  tightly  strained  on 
the  drum,  and  this  protection  is  said  to  answer  very  well. 

The  spur  wheel  C  upon  the  large  drum  B  is  worked  hy  the 
pinion  D,  Fig.  5,  which  can  slide  in  or  out  of  gear  with  C,  and  when 
out  of  gear  allows  the  small  drum  E  to  work  independently 
of  the  large  drum  B,  for  the  purpose  of  hauling  up  the  empty 
cradle,  and  of  unwinding  the  steel  hawser  A  off  the  large  drum. 
This  is  effected  by  taking  two  or  three  turns  round  the  barrel  E 
with  a  light  chain,  one  end  of  which  passes  round  a  pulley  at  the 
lower  end  of  the  slipway,  and  is  then  brought  back  and  made  fast  to  the 
end  of  the  wire  hawser  A.  The  drum  E  is  then  set  in  motion,  and  the 
light  chain  pulls  the  wire  hawser  off  its  drum  and  hauls  it  down  to 
the  cradle,  where  it  is  made  fast,  and  is  thus  ready  to  haul  up  the 
next  vessel. 

As  in  this  system  there  is  no  interruption  in  the  onward 
movement  of  the  vessel  up  the  slipway — technically  known  as 
"fleeting," — the  work  is  done  very  rapidly;  and  as  few  hands  are 
required,  the  cost  is  consequently  small. 

Thompson's  System. — This  system,  designed  by  Mr.  John 
Thompson  of  Newcastle,  and  Mr.  T.  B.  Lightfoot,  by  whose  firm 
the  machinery  was  constructed,  is  now  in  use  at  the  slipways 
of  Messrs.  Cleland  and  Co.,  and  Messrs.  Palmer's  Shipbuilding 
Company,  on  the  Tyne ;  at  Penarth  Docks ;  and  at  Messrs.  Baylton 
Dixon  and  Co.'s  Works,  Middlesborough.  It  consists  of  a  treble- 
powered  hydraulic  hauling  apparatus,  Figs.  8  and  9,  Plate  80,  placed 
at  the  top  of  the  ways,  and  connected  by  means  of  suitable  crosshead 
and  rods  to  a  double  set  of  main  traction  links,  which  extend  nearly 
to  the  bottom  of  the  ways.  The  three  powers  are  obtained  by 
allowing  the  pressure  (which  may  be  taken  either  direct  from  a  pump 
or  from  an  accumulator)  to  act  respectively  on  the  centre  ram  alone, 
on  the  two  outer  rams,  or  on  all  three  together.  The  rams  are  single- 
acting,  and  the  water  is  admitted  or  exhausted  by  the  attendant, 
controlling  an  ordinary  hydraulic  working  valve.  The  return  stroke 
is  accomplished  by  means  of  a  small  single-acting  hydraulic  cylinder, 
on   the   ram  E  of  which  the  pressure  water  constantly  acts.     The 
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connection  to  this  ram  E  is  in  some  cases  made  by  chains,  Fig.  10, 
attached  to  the  extreme  end  of  the  links,  and  carried  round  suitable 
pulleys  up  to  the  returning  cylinder,  which  is  fixed  above  low  water. 
In  other  cases,  Fig.  11,  the  ram  R  is  applied  direct  to  the  crosshead 
of  the  hauling  cylinders,  rods  or  chains  being  taken  down  the  whole 
length  of  ways  to  the  bottom  end  of  the  links,  so  as  to  transmit  the 
proportion  of  power  required  for  hauling  them  down  the  ways. 

With  this  arrangement  of  machinery,  the  attendant,  by  simply 
working  one  lever  forwards  and  backwards,  can  cause  the  links  to 
travel  up  and  down  through  a  distance  determined  by  the  stroke  of 
the  rams,  which  is  about  11  ft.  Suitable*  pawls,  attached  to  the  main 
timbers  of  the  cradle,  gear  with  the  connecting  plates  of  the  links, 
which  are  spaced  exactly  10  ft.  apart,  so  that  at  every  upward 
stroke  the  cradle  is  hauled  10  ft.  The  usual  pawls,  rack,  and 
centre  rails  prevent  the  cradle  from  returning  with  the  links  on  the 
backward  stroke.  Several  sets  of  pawls  are  used,  so  as  to  distribute 
the  strain  on  the  cradle.  The  empty  cradle  is  hauled  down  either  by 
separate  hydraulic  purchase  with  ordinary  chain,  or  by  a  small  ram 
applied  within  the  centre  hauling  ram,  the  large  rams  being  locked 
back  during  this  process. 

The  machinery  on  this  system  erected  at  Raylton  Dixon  and  Co.'s, 
and  at  Palmer's  Works,  is  the  same  in  principle  as  the  above ;  but 
instead  of  three  distinct  hauling  cylinders  one  only  is  used,  fitted  with 
two  concentric  rams,  of  which  the  larger  and  outer  is  used  for  heavy, 
and  the  inner  for  light  loads.  When  the  smaller  ram  alone  is  being 
used,  the  larger  one,  which  is  provided  with  a  stuffing-box  and  gland 
for  the  other  to  work  through,  is  locked  back  by  two  removable  keys. 

Wallsend  System. 

The  system  at  the  Wallsend  Slipway  does  not  claim  any 
special  novelty,  but  its  chief  peculiarity  lies  in  the  length  of 
the  slips,  which  measure  1000  ft.  from  the  bottom  end  of  the  rails 
to  the  upper  end  of  the  hydraulic  cylinder.  The  machinery  was 
constructed  by  Messrs.  S.  and  H.  Morton  and  Co.,  of  Leith,  in  the 
year  1873 :  but  the  system  was  first  designed  by  the  late  Mr.  Morton 
in  the  year  1819,  and  was  carried  into  comparatively  general  use  in 
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succeeding  years.  About  the  year  1832  a  Select  Committee  of  the 
House  of  Commons  awarded  Mr.  Morton  a  considerable  sum,  for  tho 
great  advantage  his  invention  had  been  to  the  shipping  interest  of 
the  country.  The  general  arrangement  of  the  slipway  is  shown  in 
Figs.  12  to  14,  Plate  81.  The  foundations  are  shown  in  the  section 
Fig.  12,  and  consist  mainly  of  slag.  For  the  first  year  or  two  after  the 
slipways  were  in  operation,  some  settlement  took  place,  and  the 
longitudinal  balks  had  to  be  wedged  up  from  the  cross-timbers  ;  but 
of  late  no  trouble  has  been  experienced  from  this  cause.  The 
inclination  of  the  slipways  is  f  in.  to  a  foot,  or  1  in  19. 

Machinery. — As  will  be  seen  from  Figs.  15  and  16,  Plate  82,  and 
Fig.  19,  Plate  84,  the  cradle  consists  of  a  main  body  of  timber 
framing,  173  ft.  long,  and  extended  by  "ekes"  E,  along  the  centre  of 
the  slipway,  to  284  ft.  long.  These  "  ekes "  are  balks  of  timber 
surrounding  a  wrought-iron  bar,  and  running  on  wheels  on  the 
centre  rail. 

On  the  top  of  the  longitudinal  timbers,  Fig.  19,  Plate  84,  which 
are  supported  by  transverse  balks  resting  on  the  slag  foundation,  are 
fixed  cast-iron  rails,  Fig.  20,  weighing  3  cwt.  per  running  foot  for 
the  centre  rails,  and  1  cwt.  per  running  foot  for  the  outer  rails :  on 
the  latter  there  run  two  extensions  or  continuations  of  the  main  cradle 
framing,  and  upon  these  rest  the  transverse  wrought-iron  arms  A,  Fig. 
19,  which  support  the  sliding  bilge-blocks  B.  The  weight  of  the  whole 
cradle,  arms,  &c,  is  about  160  tons.  When  a  vessel  is  "relieved,"  as 
described  hereafter,  these  arms  swing  on  strong  centre  pins  into  a 
longitudinal  position,  and  allow  the  cradle  to  be  removed  entirely 
from  under  the  vessel.  The  motive  power  for  each  slipway  consists 
of  a  hydraulic  cylinder,  the  ram  or  plunger  of  which  is  15  in. 
diameter  and  10  ft.  stroke,  corresponding  with  the  length  of  the 
traction  links.  Water  is  forced  into  the  cylinder  by  three  pumps, 
each  3.V  in.  diam.  and  12  in.  stroke,  making  in  quick  gear  50  strokes 
per  min.,  and  in  slow  gear  25  strokes  per  min.  The  general  arrange- 
ment is  shown  in  Figs.  17  and  18,  Plate  83.  Attached  to  the  outer 
end  of  the  ram  is  a  strong  crosshead  A,  and  connected  to  it  are  two 
wrought-iron  rods,  passing  backwards  outside  the  cylinder  ;  these  are 
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again  joined  together  by  a  second  crosshead  B,  to  which  the  series 
of  successive  links  C,  leading  down  the  slipway  to  the  cradle,  are 
attached.  These  links,  shown  enlarged  in  Figs.  21  and  22,  Plate  84, 
are  of  wrought  iron,  each  10  ft.  long  from  centre  to  centre  of  the 
eyes,  and  3f  in.  diani.,  giving  a  sectional  area  of  11*04  sq.  in.  The 
pins  are  of  steel  of  same  diameter.  The  pumps,  Figs.  17  and  18, 
are  driven  from  the  engine  through  the  pinion  D  (which  can  be 
shifted  in  or  out  of  gear  as  required),  and  one  or  other  of  the 
loose  wheels  E  F,  which  can  be  connected  to  their  shaft  by  a  clutch. 
This  same  shaft  also  drives  through  the  intermediate  gearing  G  the 
chain  sheave  H.  This  sheave  works  an  ordinary  short-link  chain, 
called  the  "  back  chain,"  which  is  used  for  pulling  up  the  empty 
cradle  after  a  vessel  is  launched ;  and  also  for  pulling  it  down  into 
its  lowest  position,  to  receive  a  vessel  coming  on  for  repairs. 

Working  with  this  machinery,  the  mode  of  operation  is  as 
follows.  The  cradle  is  run  down  into  the  water  by  its  own  weight, 
assisted  occasionally  by  the  back  chain,  which  is  sometimes  rendered 
necessary  by  the  accumulation  of  mud  lying  at  the  lower  ends  of  the 
slipways,  into  which  the  cradle  has  to  force  its  way  ;  or  again,  in  the 
case  of  large  and  long  vessels,  the  lower  end  of  the  cradle  is  often 
pulled  40  or  50  ft.  beyond  the  rails,  and  rests  on  the  hard  mud  bank 
existing  outside.  The  vessel  to  be  taken  on  the  cradle  is  then  guided 
into  an  approximate  position,  by  ropes  carried  to  capstans  on  the  jetties, 
Plate  81.  Attached  to  the  upper  end  of  the  cradle  are  two  long  iron 
rods  I,  Fig.  15,  Plate  82,  a  few  inches  on  each  side  of  the  centre  line 
of  the  cradle,  and  each  hinged  at  the  lower  end,  so  as  to  enable  them 
to  be  raised  from  a  horizontal  to  a  vertical  position :  the  outer  ends  of 
these  rods  are  buoyed,  and  when  the  vessel  is  approximately  in  the 
proper  position  light  ropes  fastened  to  the  rods  are  passed,  on  board 
ship  and  hauled  up  tight.  The  iron  rods,  thus  raised  to  a  vertical 
position,  form  two  guides  between  which  the  vessel  can  be  accurately 
placed  on  the  keel-blocks,  guided  by  the  controlling  ropes  on  shore. 
The  cradle  is  then  hauled  slowly  up  the  ways  by  the  hydraulic  ram, 
till  the  stem  grounds  and  settles  on  the  foremost  "  eke,"  the  stern 
being  still  afloat.  Two  similar  rods  to  those  described  above  are 
attached  to  the  lower  end  of  the  cradle,  and  the  stern  of  the  ship  is 
in  like  manner  guided  between  them,  till  by  the  concurrent  upward 
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movement  of  the  cradle  the  whole  length  of  the  keel  rests  on  the 
line  of  keel-blocks.  The  moment  this  operation  is  complete,  the 
bilge-blocks  B,  sliding  on  the  transverse  arms  A,  Fig.  19,  are  hauled 
into  position  against  the  bilge  of  the  vessel  by  ropes  passed  on  to 
the  nearest  jetty,  and  when  pulled  home  the  ropes  are  passed  on 
board  the  vessel  and  there  made  tight.  The  vessel  is  then  safely 
and  securely  seated  on  the  cradle. 

The  operation  of  hauling  up  now  commences.  The  length  of  each 
traction  link  is  10  ft.,  corresponding  with  the  stroke  of  the  hydraulic 
ram,  as  before  described.  Each  time  the  ram  with  its  crosshead  is 
forced  by  the  pumps  out  of  the  cylinder,  the  cradle  with  its  burden, 
and  the  connecting  series  of  links,  advance  up  the  ways  through 
the  length  of  one  link  or  10  ft.  The  outlet  valve  of  the  cylinder  is 
then  opened,  the  water  escapes,  and  the  vessel  falls  back  on  to 
pawls  attached  to  the  underside  of  the  cradle,  which  catch  into 
teeth  cast  on  the  centre  rail,  Fig.  20.  A  counterbalance  weight 
brings  the  ram  back  into  the  cylinder ;  the  first  link  is  removed 
by  means  of  a  small  travelling  crane,  and  a  new  attachment  is  made 
between  the  crosshead  of  the  ram  and  the  next  link  of  the  series. 
This  process  is  repeated  until  the  cradle  and  the  vessel  thereon  are 
pulled  clear  of  the  water. 

When  a  vessel  is  to  be  launched,  the  reverse  process  takes  place. 
All  the  pawls,  except  one  or  two  at  the  fore  end  of  the  cradle,  are 
tied  up  ;  these  two  are  worked  by  hand  till  the  vessel  is  lowered  far 
enough  down  the  slipway  to  allow  of  launching,  when  these  in  turn 
are  also  tied  up,  and  the  vessel  rests  for  a  short  time  on  one  single 
pawl  or  "  dagger."  The  lowest  link  is  then  disconnected  from  the 
fore  end  of  the  cradle,  and  the  dagger  being  knocked  away,  the 
cradle  with  its  burden  runs  down  the  ways.  As  deeper  water  is 
reached,  the  vessel  floats  away  from  the  cradle.  The  back  chain  before 
alluded  to  is  then  connected  to  the  chain  sheave  H,  Fig.  18,  at 
the  head  of  the  slipway,  and  by  its  means  the  empty  cradle  is 
pulled  up  the  slipway  till  it  is  again  required. 

Speed  of  Working. — When  the  vessel  is  once  fairly  seated  on 
the  cradle,  and  the  hauling  up  process  can  commence  without 
interruption,  the  rate  of  movement  is  as  follows  : — 
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For  light  vessels  in  quick  gear  2  min.  per  link  or  rod  10  ft.  long. 
„    heavy      „  slow      „      3^  „ 

Owing  however  to  the  time  occupied  in  the  successive  removal  of 
rods,  the  actual  rate  of  progress  up  the  slipway  is  not  so  fast,  and  is 
about  as  follows : — 

Single  rods,  for  light  vessels  in  quick  gear,  2^  to  3  min.  per  rod. 
„  heavier       ,,        slow     „       4^  to  5         „ 

When  the  size  and  weight  of  the  vessel  exceed  a  certain  limit,  a 
double  tier  of  rods  is  laid,  Fig.  21,  Plate  84,  connecting  the  crosshead 
of  the  hydraulic  ram  with  a  similar  crosshead  attached  to  the 
foremost  eke.  Hence,  although  when  the  vessel  is  actually  moving 
the  rate  of  progress  remains  as  stated  above,  yet  owing  to  the 
longer  time  occupied  in  the  removal  of  the  successive  pairs  of  rods 
the  total  time  is  about  as  follows : — 

Double  rods,  comparatively  light  vessels,  quick  gear,  5  min.   per  rod. 
„  very  heavy  vessels,  slow     ,,        6  to  7  „ 

The  total  distance  traversed  by  the  cradle  from  the  point  where 
it  first  receives  its  burden  is  about  420  ft. ;  and  the  time  occupied  may 
be  taken  as  about  two  hours  with  single  rods,  and  three  and  a  half 
hours  with  double  rods,  exclusive  of  course  of  the  time  required  to 
place  the  vessel  on  the  cradle,  which  is  usually  about  three-quarters 
of  an  hour. 

Comparison  with  Dry  Docks. — An  impression  exists  in  some 
quarters  unfavourable  to  slipways,  as  compared  with  dry  docks,  on 
account  of  the  supposed  greater  safety  of  the  latter.  As  to  this,  the 
writer  can  state  that  714  vessels  have  been  taken  on  the  Wallsend 
slipways  from  their  opening  in  January  1874  to  30  June,  1881,  a 
period  of  6^  years,  and  not  a  single  accident  of  any  kind  has 
happened  to  any  one  vessel  by  reason  of  defect  or  insufficiency  in 
the  system  employed. 

The  vessels  in  question  have  of  course  been  of  all  sizes  and 
tonnages.  The  heavest  vessel  yet  attempted  was  H.M.  Troopship 
"  Tyne,"  measuring  320  ft.  long  X  34   ft.  beam,   gross  registered 
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tonnage  21G9  tons,  displacement  weight  1700  tons.  She  contained 
besides  300  tons  of  pig  metal  ballast,  making  a  total  weight  hauled 
up  of  2000  tons. 

The  slipway  system  has  moreover  the  following  manifest 
advantages. 

(1.)  The  height  of  the  vessel  from  the  ground  allows  a  free 
current  of  air  under  the  bottom,  which  is  thus  quickly  dried ;  by  the 
time  the  dirt  and  adhering  scale  are  removed,  it  is  always  perfectly 
dry,  and  ready  to  receive  a  new  coat  of  paint. 

(2.)  In  case  of  heavy  repairs  to  the  bottom  of  a  vessel,  this 
height  gives  ready  access  to  the  plates  or  frames  which  have  to  be 
removed  and  repaired ;  and  the  workman  can  act  with  much  greater 
efficiency  than  in  a  dry  dock,  where  the  bottom  of  the  vessel  is  only 
a  foot  or  two  above  the  floor. 

(3.)  The  process  of  repairing  is  never  interrupted  by  the  hauling 
up  of  another  vessel ;  whereas  interruption  constantly  occurs  in  large 
dry  docks,  from  the  necessity  of  letting  in  the  water  to  admit  another 
vessel  behind  the  first. 

(4.)  An  advantage  of  obvious  importance  to  the  capitalist  is  that 
the  cost  of  construction  of  slipways  able  to  contain  four  vessels  at 
one  time,  as  is  often  the  case  with  the  two  Wallsend  slipways,  is 
considerably  less  than  the  cost  of  a  dry  dock  with  its  pumping 
appliances,  capable  of  giving  equal  accommodation. 

Relieving. — This  last  consideration  leads  very  naturally  to  a 
description  of  the  mode  by  which  the  upper  portions  of  the 
slipways  are  made  available,  and  which  enables  two  vessels,  each  say 
300  ft.  long,  to  be  "  slipped "  one  behind  the  other  on  each  slipway 
clear  of  the  water. 

It  has  been  already  stated  that  the  slipways  measure  1000  ft.  long 
from  end  to  end.  When  it  is  required  to  use  the  upper  portion  of  the 
slipways,  e.g.,  when  extensive  repairs  or  alterations  are  in  question, 
or  when  a  vessel  is  to  be  lengthened,  the  cradle  carrying  the  vessel 
is  hauled,  in  the  manner  before  described,  right  up  to  the  toj)  of 
the  ways,  leaving  space  for  another  vessel  between  it  and  high  water. 
When  in  this  position  the  operation  of  "  relieving  "  is  undertaken. 
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This  is  commenced  by  placing  between  each  pair  of  transverse 
arms  A,  Fig.  19,  Plate  84,  (and  in  most  cases  also  forward  of  the 
foremost  arm)  strong  blocks  of  timber  as  bilge-blocks,  capable 
eventually  of  carrying  the  whole  weight  of  the  vessel.  Commencing 
just  forward  of  the  foremost  arm,  and  simultaneously  on  the  port 
and  starboard,  these  new  bilge-blocks  are  very  tightly  wedged  against 
the  bilge  or  underside  of  the  vessel ;  the  weight  of  the  vessel  is  thus 
removed  from  the  bilge-blocks  B  sliding  on  the  arms  A,  and  taken  by 
the  new  bilge-blocks  resting  on  the  ground.  The  bilge-block  on  the 
first  arm  is  then  slid  out  from  under  the  vessel,  and  the  arm  is  free 
to  be  turned  from  a  transverse  into  a  longitudinal  position.  This 
process  is  continued  till  all  the  arms  on  each  side  of  the  vessel  are 
free  of  it ;  and  the  ship  now  rests  solely  on  the  new  bilge-blocks, 
and  on  the  keel-blocks  upon  the  cradle. 

These  latter  are  disconnected  in  their  turn  in  the  following 
way.  Along  the  centre  line  of  the  cradle  are  a  series  of  short 
hydraulic  lifting  presses  PP,  Plate  82,  which  are  connected  with  the 
pumps  used  for  the  hydraulic  cylinder  by  pipes  laid  beneath  the 
surface  of  the  ground.  These  being  set  going,  water  is  forced  into 
all  these  presses  simultaneously,  and  the  whole  vessel  is  raised  very 
slightly,  but  sufficiently  to  allow  of  the  removal  of  tho  centre  keel- 
blocks.  When  the  pressure  is  relieved,  the  vessel  sinks  gradually 
back  on  to  the  new  bilge-blocks  just  described.  The  whole  cradle  is 
now  clear,  and  free  of  the  superincumbent  vessel.  The  cradle  is  then 
allowed  to  move  down  the  slipway,  and  is  ready  to  be  used  for  the 
reception  of  other  vessels  for  painting  or  slight  repairs,  till  the 
heavier  work  upon  the  "  relieved "  vessel  is  completed.  She  is 
then  placed  again  on  the  cradle  by  a  process  exactly  the  converse 
of  that  just  described,  and  is  lowered  down  the  slipway  for 
launching. 

It  will  be  seen  that  the  relieved  vessel  rests  entirely  on  the  new 
bilge-blocks,  which  are  further  supported  by  side  shores,  and  that 
under  the  Hue  of  the  keel  the  slipway  is  perfectly  clear,  so  that  the 
rods  required  for  the  use  of  the  cradle  in  its  lower  position  can  be  run 
up  or  down  without  hindrance.  Further,  in  the  event  of  any  one  or 
more  of  the  new  bilge-blocks  coming  in  the  way  of  a  damaged  plate 
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that  requires  removal,  this  block  can  be  readily  removed  and  rebuilt, 
in  any  way  rendered  necessary  by  the  work  to  be  carried  out. 

Several  vessels  have  been  very  readily  lengthened  on  these 
slipways  by  this  method.  The  fore  body  of  the  ship  is  relieved  in 
the  manner  just  described,  leaving  the  after  body  resting  on  the  cradle. 
The  separation  of  the  vessel  into  two  portions  is  then  made  in  the 
usual  mode ;  and  when  this  is  complete  the  cradle  is  slowly  lowered 
down  the  ways  for  a  distance  corresponding  with  the  additional  length 
which  it  is  proposed  to  give  to  the  vessel.  The  after  body  is  then 
in  its  turn  relieved,  and  the  whole  cradle  removed  from  under  it. 
The  new  part  of  the  ship  is  then  built,  and  when  the  whole  is 
complete  the  vessel  is  replaced  on  the  cradle  and  launched. 

In  conclusion  the  writer  appends  a  Table  showing  the  power 
actually  required  to  haul  up  a  number  of  vessels  (of  which  he  has 
been  able  to  obtain  the  exact  displacement  weight),  as  ascertained 
by  the  registration  of  the  gauge  attached  to  the  hydraulic  cylinder, 
compared  with  the  theoretical  power  required,  as  obtained  by 
calculation. 

The  formula?  employed  are  seen  to  be  simple,  and  the  comparison 
of  the  "  actual "  with  the  "  theoretical  "  power  is  interesting.  It  will 
of  course  be  at  once  evident  that  the  excess  of  the  former  over 
the  latter  is  caused  by  variations  of  weather,  inequalities  of  the 
slipway,  more  or  less  perfect  lubrication,  and  the  many  other 
conditions  of  actual  working. 
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APPENDIX. 

Theoretical  Calculation  op  Power  Eequired  to  move  Vessels 

up  Slipway. 

Power   required  for   Weight   (Formula   A). — The   formula    here 

is  : — Power  =  Rx  slope  of  incline  =  R  X  jg,  where  R  is  the  total 

weight,  which  in  the  case  of  the  vessel  No.  22  is  made  up  as  follows : — 

Weight  of  Vessel  =  1500  tons 
Weight  of  Cradle  =    160    „ 
Weight  of  Links  =      13    „ 

Total  Weight  1673     „ 

Hence  Power  for  Weight  =  *g?  =  88  tons. 

Power  required  for  Friction  of  Cradle,  &c.  [Formula  B). — Here  the 
formula  is : — 

p  _  coeff.  of  friction  on  axles  X  diam.  of  axle  X  weight  of  vessel  and  cradle 

Diameter  of  wheel 

For  No.  22,  Power  for  Cradle  Friction  =  0 •  2  *  2-5 in.  x  1660  tona 

10  in. 

=  83  tons. 

Power  required  for  Friction  on  Leather  Collar  of  Bam  (Formula  C). 
Here  the  formula  is  : — 

Total  pressure  =  pressure  per  sq.  in.  x  depth  x  circumf.  of  collar 
=  2800  lbs.  (in  case  of  No.  22)  x  1  in.  x  47-5  in. 
=  59  tons. 
Power     =  Total  pressure  x  coefficient  of  leather  on  iron  in  motion  * 
■^  59  tons  x  0-56 
=  33  tons. 


*  Leather  on  iron  in  repose  gives  coefficient  of  friction  0'80, 

„     in  motion  „  „  0-80  X  0'70  -•  0-56. 
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Power  in  Tons  required  to  Haul  up  Vessels. 
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1 
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18 
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120 

120 

2 

902 
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43-4 

40-5 

19 

103 

125 

3 

866 

670 

44-4 

41-5 

20 

107 

130 

140 

4 

971 

800 

51-2 

4S-0 

21-S 

121 

145 

5 

1374 

820 

52-3 

49-0 

21-8 

124 

145 

140 

6 

1531 

920 

57-5 

54-0 

21-4 

133 

140 

150 

7 

1261 

920 

57-5 

54 

22-8 

134 

150 

160 

8 

1323 

920 

57-5 

54 

22-8 

134 

150 

9 

1250 

930 

58 

54-5 

22-8 
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150 

10 

961 
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61-7 

5S 

30 

149-7 
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11 

1613 

1010 
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58-5 

27-5 
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12 
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1030 
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28-7 
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13 
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64 

60 
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14 
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64 

GO 
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15 
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64 

60 
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16 
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1070 
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61-5 
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17 

1683 

1220 

73-3 

69 

31-7 
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18 

1646 
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73-3 

69 

33 

175 
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19 

1913 

1340 

79-6 

75 

31-7 
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20 

1879 

1340 

79-6 

75 

30 

184-6 
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21 

1873 

1350 

80 

75-5 

30 

185-5 

200 

22 

2141 

1500 

88 

83 

33 

204 

220 
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EXCUESIONS,  &c. 

The  following  Works,  &c,  in  Newcastle  and  Sunderland,  and  in 
their  neighbourhood,  were  thrown  open  to  the  members  in  the  course 
of  the  week  :— 

Sir  W.  G.  Armstrong  and  Co.  .      .      .  Engineering  and  Ordnance  Works. 

Robert  Stephenson  and  Co.      .      .      .  Engineering  Works. 

E.  and  W.  Hawthorn Ditto. 

J.  and  G.  Joieey iJitto. 

Donkin  and  Nichol Ditto. 

"Walkers,  Parker,  Walker,  and  Co.      .  Lead  Works. 

M.  and  M.  W.  Lambert      ....  Printing  and  Bookbinding. 

Andrew  Reid Printing,  Engraving,  &c. 

Newcastle  Chronicle  Office     .      .      .  Newspaper  Printing. 

T.  and  W.  Smith     .      .      .      .      .      .  Hemp  and  Wire  Pope  Works. 

Henry  Angus  and  Co Coachbuilding  Works. 

Atkinson  and  Philipson     ....  Ditto. 

North  Eastern  Railway  Works      .      .  Engineering  Works. 

John  Abbot  and  Co Iron  and  Engineering  Works. 

R.  S.  Newall Wire  Rope  Works. 

Haggie  Brothers Hemp  and  Wire  Rope  Works. 

Black,  Hawthorn,  and  Co Engineering  Works. 

Clarke,  Chapman,  and  Gurney      .      .  Ditto. 

Hawks,  Crawshay,  and  Sons    .      .      .  Iron  and  Engineering  Works. 

Newcastle  Chemical  Works  Co.     .      .  Chemical  Works. 

Tyne  Improvement  Commissioners     .  Newcastle  Swing  Bridge. 

„  „  „  .  Howdon  Repairing  Shops  and  Slip- 

ways. 

„  „  „  .  Coble  Dene  Dock  (under  construc- 

tion). 

„  „  „  .  .  South   Shields,  South  Pier    (under 

construction). 

„  „  „  .  Tynemouth,  North  Pier  (under  con- 

struction). 

J.  T.  Eltringham Engineering  Works. 

Jarrow  Chemical  Co Chemical  Works. 
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John  Readhead  and  Co. 
J.  P.  Rennoldson     . 
Hepple  and  Co 

Andrew  Leslie  and  Co. . 
Charles  Tennant  and  Co.    . 
Foster,  Blackett,  and  Wilson 
Palmer's  Shipbuilding  Co. . 


Swan  and  Hunter    . 
Schlesinger,  Davis,  and  Co. 
Wallsend    Slipway   and  Engineering 
Co. 

C.  Mitchell  and  Co 

Wigham  Richardson  and  Co.   . 
Tyne  Iron  Shipbuilding  Co.     . 

Cookson  and  Co 

Tharsis  Copper  Co 

John  Spencer  and  Sons       .... 

Robert  Thompson  and  Sons     . 

J.  L.  Thompson  and  Sons  .... 

James  Laing. 

George  Clark 

Armstrong,  Addison,  and  Co.  . 

William  Doxford  and  Sons. 

John  Blumer  and  Co 

S.  P.  Austin  and  Son 

Strand  Slipway  Co 

Short  Brothers 

Osbourne,  Graham,  and  Co.     . 

Bartram,  Haswell,  and  Co 

John  Dickinson 

C.  H.  Reed  and  Co 

S.  Tyzack  and  Co 

J.  and  E.  Lumsdon 

Ford  Paper  Works. 

Hendon  Paper  Works. 

Southwick  Pottery. 

Sunderland  Gas  Works. 

Sunderland  and  South  Shields  Water 
Works. 

Weardale  Iron  and  Coal  Co.     . 

Consett  Iron  Co 


Shipbuildingand  Engineering  Works. 

Engineering  Works. 

Ditto. 

Shipbuilding  Works. 

Chemical  Works. 

Lead  Works. 

Shipbuilding,  Engineering,  and  Iron 

Works. 
Shipbuilding  Works. 
Ditto. 

Engineering    and     Ship    Repairing 
Works. 

Shipbuilding  Works. 

Shipbuilding  and  Engineer  ing  Works . 

Shipbuilding  Works. 

Lead  Works. 

Copper  Works. 

Steel  Works. 

Shipbuilding  Works. 

Ditto. 

Ditto. 

Engine  Works. 

Timber  Preserving  Works. 

Shipbuildingand  Engineering  Works. 

Shipbuilding  Works. 

Shipbuilding  and  Repairing  Works. 

Shipbuilding  Works. 

Ditto. 

Ditto. 

Ditto. 

Marine  Engine  Works. 

Forge,  Chain,  and  Anchor  Works. 

Iron  Works  and  Rolling  Mills. 

Forge,  Chain,  and  Anchor  Works. 


Rolling  Mills. 
Ditto. 
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On  the  afternoon  of  Tuesday,  2nd  August,  the  Members  were 
entertained  at  luncheon  by  the  Local  Committee,  at  the  Assembly 
Rooms.  They  were  then  conveyed  by  special  train  to  Elswick,  to 
visit  the  works  of  Sir  W.  G.  Armstrong  &  Co.  The  party  were 
received  by  Sir  William  Armstrong,  Mr.  George  Eendel,  and 
Mr.  Percy  Westmacott,  and  were  conducted  over  the  works.  The 
party  then  divided,  one  section  going  on  by  special  train  to  visit  the 
Newburn  Steel  Works  of  Messrs.  JoLn  Spencer  and  Sons,  and  the 
other  returning  by  special  steamer  to  inspect  the  Swing  Bridge  at 
Newcastle,  the  opening  and  closing  of  which  were  exhibited.  For  a 
description  of  the  bridge  see  notice  below  of  the  Elswick  Works. 
At  Newburn  the  party  were  received  and  entertained  by  Mr.  John 
W.  Spencer,  and  went  over  the  whole  of  the  works. 

In  the  evening  the  Members  were  splendidly  entertained  by 
Sir  W.  G.  Armstrong,  Past-President,  in  the  Banqueting  Hall, 
Jesmond  Dene. 

ELSWICK    ENGINE    AND    OEDNANCE    WORKS, 
NEWCASTLE-ON-TYNE. 

N.B.  The  following  notice  of  these  works  is  mainly  condensed  from  articles 
in  The  Engineer,  July  18S1,  reprints  of  which,  presented  by  the  kindness  of  the 
proprietors,  were  distributed  to  the  Members  at  the  time  of  the  visit. 

The  Elswick  Engine  Works,  started  in  1817,  owe  their  origin  to 
Sir  William  Armstrong's  success  in  the  development  of  water- 
pressure  machinery ;  similarly  the  manufacture  of  ordnance  grew  up 
in  consequence  of  his  having  brought  out  his  system  of  ordnance. 
The  former  branch  of  the  works  preceded  the  latter  by  about  ten 
years,  and  therefore  should  be  first  noticed. 

The  hydraulic  machinery*  manufactured  at  the  Elswick  Works 
consists  chiefly  of  cranes,  hoists,  capstans  for  railway  stations  and 
docks,  rotary  engines,  pumping  engines,  opening  bridges — swing, 
draw,  and  lift — machinery  for  opening  and  closing  dock  gates  and 
sluices,  bands  and  elevators  for  discharging  and  storing  grain, 
hydraulic  pumps,  winding  engines  for  mines,  &c.  &c.     In  addition 

*  For  papers  dealing  with  this  machinery  see  Proceedings  IS58, 18G8,  1S69, 1S74. 
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to  these  there  are  the   steam    pumping   engines,   with  boilers   and 
accumulators,  for  supplying  the  water  under  pressure. 

The  ordinary  forms  of  hydraulic  cranes  and  hoists,  as  used  in 
docks,  railway  stations,  warehouses,  &c,  are  so  well  known  that  any 
detailed  description  of  the  several  varieties  is  unnecessary.  In 
nearly  all  cases  where  the  lifting  power  does  not  exceed  30  tons,  the 
hoisting  apparatus  consists  of  a  cylinder  and  plunger  acting  on  the 
lifting  chain  through  a  system  of  fixed  and  moveable  pulleys,  which 
multiply  the  travel  of  the  plunger  to  the  extent  required.  By  this 
means  the  necessity  for  any  gearing,  brakes,  pawls,  and  clutches  is 
avoided,  and  the  working  of  the  crane  is  rendered  very  simple  and 
safe.  The  lifting  machinery  is  usually  placed  in  the  revolving  pillar 
of  the  crane  itself,  so  as  to  economise  space  and  cost  of  foundations. 
For  dock  purposes  the  crane  is  usually  mounted  on  a  pedestal  of 
wrought  iron  about  8  ft.  or  10  ft.  high,  so  as  to  give  the  jib  clearance 
over  a  ship's  side  ;  and  this  pedestal  is  provided  with  wheels,  so  that 
four  or  five  cranes  can  be  brought  to  bear  upon  the  several 
hatchways  of  one  vessel.  These  cranes  are  either  counterweighted 
or  clamped  to  the  rails  when  at  work,  as  may  be  most  convenient. 
The  connections  to  the  pressure  and  return  mains  are  made  by  sliding 
or  jointed  pipes,  attached  to  hydrants  inserted  at  intervals  in  the 
main  pipes. 

When  a  lifting  power  of  from  30  tons  to  80  or  100  tons  is 
required,  a  rotary  hydraulic  engine,  acting  on  an  ordinary  chain 
purchase  by  means  of  gearing  and  a  "  cupped-drum,"  is  usually 
employed,  and  the  general  construction  of  the  crane  is  modified  by  a 
circular  roller  path  with  live  or  fixed  rollers  being  substituted  for  the 
iron  pedestal.  For  very  heavy  cranes,  to  lift  loads  of  80  tons  to  100 
tons  and  upwards,  Sir  W.  G.  Armstrong  and  Co.  now  use  a  direct- 
acting  cylinder  of  from  40  ft.  to  54  ft.  stroke,  suspended  in  gimbals 
from  the  end  of  the  jib,  and  fitted  with  a  piston  and  rod,  by  which 
the  load  is  lifted  and  lowered  without  the  intervention  of  chains  or 
gearing.  These  cranes  are  on  "  live  "  rollers,  and  are  turned  by  a 
rotary  hydraulic  engine  acting  on  a  rack  attached  to  the  roller  path. 
An  independent  chain  purchase,  worked  by  the  slewing  engines,  is 
provided  for  lifting  loads  up  to  12  or  14  tons. 
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Hoists  for  shipping  coal  are  much  made  at  Elswick,  for  South 
Wales  and  other  ports  where  the  railways  approach  the  docks  at  a 
low  level.  The  lifting  cylinders  are  usually  direct-acting,  and,  with 
a  view  to  economy  in  the  consumption  of  power,  are  so  arranged  that 
on  the  down  stroke  the  weight  of  the  cradle  and  empty  truck  is  made 
use  of,  to  force  back  the  water  from  one  of  the  cylinders  into  the 
accumulator. 

Hydraulic  capstans  are  very  much  used,  not  only  for  docks,  but 
also  for  hauling  trucks  in  railway  goods  stations,  and  in  connection 
with  coal  hoists.  The  bed- plate  carrying  the  capstan-head  and  engine 
is  mounted  in  trunnions  in  a  cast-iron  casing,  and  can  be  turned 
over  when  access  is  required  to  the  engine.  The  casing  is  bedded  in 
the  ground,  and  scarcely  any  foundation  is  required.  Sir  W.  G. 
Armstrong  and  Co.  are  now  introducing  a  new  pattern  of  engine  for 
this  class  of  work,  which  acts  directly  on  the  capstan-shaft,  and  is 
fitted  with  a  valve  common  to  the  three  cylinders. 

Swing  bridges  may  be  divided  into  two  classes — one  in  which  the 
bridge  is  lifted  bodily  from  its  bearings  by  a  hydraulic  press  before 
being  swung  round,  and  the  other  in  which  the  bridge  is  permanently 
on  rollers,  either  fixed  or  "  live."  The  combined  road  and  railway 
bridge  erected  by  Sir  W.  G.  Armstrong  &  Co.  over  the  100  ft.  entrance 
to  the  Queen's  Dock  at  Glasgow,  under  the  direction  of  Mr.  Deas,  the 
engineer  to  the  Clyde  Trust,  is  a  good  example  of  the  first  class. 
There  are  two  main  girders,  curved  on  the  top,  each  181  ft.  long,  and 
25  ft.  deep  over  the  centre  of  motion.  The  width  between  the  main 
girders  is  23  ft.  6  in.,  and  there  is  a  cantilever  footway  5  ft.  3  in.  wide 
on  each  side.  The  hydraulic  press  is  5  ft.  3  in.  diameter,  and  acts 
on  a  transverse  box  girder,  riveted  to  the  underside  of  the  main 
girders.  The  bridge  is  turned  by  a  pair  of  hydraulic  cylinders, 
acting  through  chains  on  a  drum  fixed  to  the  underside  of  the 
bridge.  This  bridge  is  designed  for  very  heavy  road  and  railway 
traffic,  and  the  total  weight  of  the  moving  parts,  including 
counterweight,  is  about  750  tons. 

The  swing  bridge  over  the  Tyne  at  Newcastle  may  be  taken  as  an 
example  of  the  second  class,  namely  that  in  which  the  bridge  is 
permanently  on  its  bearings.   This  bridge  is  for  road  traffic,  and  when 
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open  leaves  two  passages  each  100  ft.  wide,  one  on  either  side  of 
the  centre.  The  main  girders  are  each  277  ft.  long  and  24  ft.  deep  at 
the  centre.  The  roadway  is  paved  with  wood,  and  has  a  clear  width 
of  23  ft.  9  in.  There  are  in  addition  cantilever  footways  9  ft.  wide 
outside  each  main  girder.  The  bridge  turns  on  forty-two  "live" 
rollers  of  cast-iron  hooped  with  steel.  The  roller  paths  are  of  cast-iron, 
the  lower  being  bedded  on  the  masonry  of  the  central  pier,  and  the 
upper  bolted  to  an  annular  box  girder  on  the  underside  of  the  main 
girders.  The  total  weight  of  the  moving  parts  of  the  bridge  is 
about  1400  tons ;  and  in  order  to  diminish  the  pressure  on  the  rollers 
a  hydraulic  press  is  provided  at  the  centre  of  motion,  which  exerts  a 
constant  upward  pressure  of  about  800  tons,  thus  relieving  the  rollers 
to  this  extent.  The  turning  machinery  is  entirely  in  duplicate,  and 
is  on  the  central  pier.  There  are  two  steam  pumping-engines,  each  of 
20  horse-power,  two  multitubular  boilers,  and  two  accumulators,  which 
are  placed  in  two  of  the  foundation  cylinders.  There  are  two 
hydraulic  rotary  engines,  each  of  60  horse-power,  acting  through  gear 
on  a  rack  bolted  to  the  upper  roller  path.  The  teeth  of  this  rack  are 
13  in.  wide  and  9  in.  pitch,  The  apparatus  for  setting  up  the  nose  ends 
of  the  bridge  is  worked  by  hydraulic  power,  and  consists  of  two  pairs 
of  hydraulic  presses  with  rams  acting  downwards  on  the  abutments, 
and  the  same  number  of  horizontal  sliding  blocks.  When  the  nose 
ends  of  the  bridge  are  over  the  abutments,  the  girders  are  slightly 
lifted,  and  the  sliding  blocks  inserted  between  them  and  the  resting 
plates  on  the  abutments.  The  water  is  then  exhausted  from  the 
presses,  and  the  ends  of  the  girders  rest  on  the  blocks.  The  valve 
house,  from  which  all  the  motions  of  turning  &c.  are  controlled,  is 
placed  on  the  overhead  platform,  which  connects  the  main  girders. 
Above  this  house  is  a  dioptric  light  of  the  7th  order.  The  bridge  is 
approached  by  two  fixed  spans,  of  99  ft.  and  80  ft.  respectively. 
This  work  was  carried  out  under  the  direction  of  the  engineers  to  the 
Tyne  Commission,  Mr.  J.  F.  Ure  and  Mr.  P.  J.  Messent. 

Another  variety  of  the  opening  bridge  is  the  drawbridge,  or 
rolling  bridge,  which  is  used  where  the  site  is  not  suited  for  a  turning 
bridge.  The  operation  of  opening  one  of  these  bridges  consists  in 
lifting  it  from  its  bearings  until  the  underside  is  above  the  level  of 
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the  roadway  or  quay,  and  then  running  it  hack  on  the  roadway.  The 
hridge  is  lifted  by  a  pair  of  hydraulic  presses  near  the  quay  edge,  one 
under  each  main  girder.  The  rams  of  these  presses  are  furnished 
with  rollers,  on  which,  and  on  other  fixed  rollers  at  the  rear  end,  the 
hridge  is  run  hack,  a  suitable  roller  path  being  fixed  to  the  underside 
of  the  main  girders.  The  bridge  is  run  in  and  out  by  a  pair  of 
hydraulic  cylinders.  Sir  W.  G.  Armstrong  &  Co.  are  now  erecting  a 
bridge  of  this  class,  with  a  span  of  90  ft.,  over  the  entrance  to  the 
Kattendyk  Basin  at  Antwerp.  The  length  of  this  bridge,  which  is 
designed  for  both  road  and  railway  traffic,  is  159  ft.,  and  the  width 
30  ft.  over  all.  There  are  two  main  girders,  each  9  ft.  deep.  The 
total  weight  of  the  moving  parts,  including  counterweight,  is  about 
350  tons.  The  lifting  presses  are  each  31^  in.  diameter,  and  3  ft. 
2  in.  stroke,  and  are  hooped  with  steel.  The  rollers  are  3  ft.  6  in. 
diameter,  and  9  in.  wide,  and  are  also  hooped  with  steel,  and  the 
roller  path  on  the  bridge  is  of  the  same  material.  The  hauling 
cylinders  are  placed  below  the  rear  end  of  the  bridge. 

For  opening  and  closing  dock  gates,  four  forms  of  apparatus  are 
commonly  used.  The  first  consists  of  a  cylinder  fixed  at  the  back  of 
the  wall  below  the  quay  level,  and  fitted  with  a  plunger  aud 
multiplying  sheaves  as  in  a  crane  or  hoist,  the  chain  being  attached 
at  one  end  to  the  cylinder  and  at  the  other  to  the  gate.  Two  such 
cylinders  are  required  for  each  gate,  one  to  open  aud  the  other  to 
close.  In  the  second  form  the  chains  are  passed  over  a  crab 
provided  either  with  an  ordinary  barrel  or  with  a  cupped  drum,  and 
driven  by  a  rotary  hydraulic  engine.  At  the  new  Langton  Docks,  under 
the  direction  of  Mr.  Lyster,  the  machines  for  closing  the  gates,  have 
been  furnished  with  spiral  drums,  so  as  to  take  up  the  slack  chain 
quickly  and  without  waste  of  power.  The  third  form  is  a  modification 
of  that  last  described.  The  chains,  instead  of  being  fixed  to  the 
gates,  are  attached  to  the  lock  walls,  and  pass  over  guide  sheaves  on 
the  gates  and  above  the  heel-posts  to  the  crab,  which  is  placed  in  a 
chamber  in  the  quay  as  near  the  heel-post  as  convenient.  By  this 
device  the  crabs  for  the  oj)ening  and  closing  chains  can  be  placed  side 
by  side  and  worked  by  one  hydraulic  engine.  The  necessity  for 
chainways  through  the  walls  is  also  avoided,  and  the  foundation  work 
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is  much  simplified.  In  the  fourth  form  the  gate  machines  and 
capstans  are  connected  by  shafting,  or  two  or  more  gates  and 
capstans  are  driven  by  one  hydraulic  engine. 

The  simplest  and  best  form  of  hydraulic  machine  for  opening 
and  closing  sluices  is  a  cylinder  fixed  vertically  over  the  paddle  or 
sluice-door,  and  fitted  with  a  piston  and  a  piston-rod  or  plunger 
attached  to  the  paddle.  A  hand  force  pump,  either  fixed  or  movable, 
is  usually  provided,  for  working  the  sluice  by  hand  when  required. 
In  some  cases  a  screw  is  used  instead  of  a  hydraulic  cylinder,  the 
nut  being  driven  by  a  hydraulic  engine. 

The  steam  joumping  engines  which  supply  the  water  under 
pressure  for  working  hydraulic  machinery  are  for  the  most  part 
horizontal,  and  the  pumps  are  in  the  same  line  with  the  cylinders, 
and  worked  directly  from  the  steam  pistons,  the  piston-rods  being 
prolonged  backwards.  Condensers,  either  jet  or  surface,  are  usually 
supplied  with  the  larger  engines,  which  are  often  constructed  on  the 
compound  principle.  An  air  vessel  is  sometimes  substituted  for  a 
weighted  accumulator.  This  plan  was  adopted  in  the  case  of  the 
machinery  for  some  hopper  barges  on  the  Tyne,  the  first  of  which 
was  constructed  in  the  year  1865,  and  has  subsequently  been 
carried  out  in  several  cases  ashore  and  afloat. 

The  Ordnance  Works  are  now  to  be  described.  In  the  original 
system  of  ordnance,  introduced  by  Sir  William  Armstrong  about 
1S58,  the  chief  features  were  rifling,  breech  loading,  and  the 
application  of  coils  shrunk  over  each  other  systematically.  In  the 
ordinary  gun  now  constructed  at  Elswick  this  system  of  construction 
is  still  adhered  to.  At  a  later  date  however  muzzle-loading  came 
into  favour,  and  muzzle-loaders  are  also  constructed  at  Elswick, 
the  coil  system  being  retained.  In  February,  1878,  a  new  type 
6-in.  gun  of  78  cwt.  was  issued  from  Elswick,  which  was  fired  with 
charges  about  half  the  weight  of  the  shot,  giving  to  a  projectile 
weighing  70  lb.  a  velocity  of  nearly  2200  ft.  per  second.  In  January, 
1879,  8-in.  muzzle-loading  and  breech-loading  new  type  guns  were 
submitted  to  the  Government  for  trial.  The  great  development  of 
power  in  these  guns  is  due  to  increased  length,  slow-burning  charges, 


August  1881.  EXCURSIONS.  603 

and  a  specified  allowance  of  air  space  in  the  powder  chamber.  In 
July,  1878,  an  Elswick  new  type  8-in.  gun  of  11^  tons  fired  a  180-lb. 
projectile  with  over  2200  ft.  velocity.  This  increase  in  length  in 
ordnance  is  favourable  to  breech-loading,  and  in  certain  cases  it 
would  appear  that  breech-loading  will  enable  guns  of  greater  power 
to  be  employed  than  was  possible  with  muzzle-loaders.  The  case  of 
broadside  guns  for  ships  is  a  case  in  point.  The  breech-closing 
arrangement  employed  at  Elswick  is  that  now  adopted  in  the  British 
service. 

The  newest  and  most  interesting  gun  constructed  at  Elswick  is 
made  almost  wholly  of  steel,  consisting  of  an  inner  steel  tube,  on 
which  are  wound  coils  of  steel  riband,  with  the  tension  on  each 
concentric  layer  adjusted  to  agree  with  the  results  obtained  by 
calculation.  This  is  done  by  means  of  a  machine  designed  for  the 
purpose.  The  advantage  of  the  riband  gun  is  threefold — (1)  that 
steel  may  be  obtained  in  small  section  with  greater  strength  than  is 
possible  in  any  other  form ;  (2)  that  each  layer  can  be  brought  more 
truly  to  its  correct  tension  ;  (3)  that  the  danger  due  to  the  existence 
of  flaws  becomes  reduced  to  a  minimum,  because  a  flaw  would  be 
easily  detected,  and,  if  not  detected,  would  be  confined  to  the  riband 
in  which  it  existed.  To  give  longitudinal  strength,  a  certain  number 
of  layers  are  formed  by  short  lengths  of  steel  riband  placed 
longitudinally  like  the  staves  of  a  barrel,  and  secured  by  doubling 
or  hooking  in  the  ends.  The  whole  is  cased  with  thin  steel ;  one  or 
two  wrought-iron  coils  only  are  used  on  the  entire  gun.  A  6 -in.  gun 
has  been  made  on  this  system  and  fired,  and  it  has  given  results 
far  surpassing  any  that  have  yet  been  obtained  with  guns  of  the  same 
weight;  a  10-in.  gun  is  nearly  complete. 

For  some  time  after  the  introduction  of  rifled  ordnance,  very  little 
improvement  was  attempted  in  carriages.  In  1865  however  iron 
carriages  came  in,  and  the  Elswick  Works  turned  out  some  early 
patterns.  One  pattern  of  disappearing  carriage,  differing  from  that 
of  Moncrieff,  and  acting  by  hydraulic  power,  was  designed  at  Elswick, 
and  supplied  to  H.M.S.  Temeraire.  The  application  of  hydraulic 
machinery  to  replace  hand  power  has  been  specially  advocated  at 
Elswick,  and  is  adopted  there  whenever  it  is  possible.     A   special 
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arrangement  is  also  in  use  by  which  muzzle-loading  guns,  mounted  to 
fire  en  barbette,  may  be  loaded  under  cover.  This  is  effected  by 
running  the  gun  round  on  its  traversing  platform  until  it  is  parallel 
to  the  parapet,  when  its  muzzle  is  dipped  so  as  to  bring  it  in  line 
with  a  rammer  in  a  fixed  position,  with  charge  and  projectile 
presented  ready  for  loading  ;  and  the  gun,  thus  depressed,  forms  an 
incline,  up  which  they  are  easily  pushed  home.  The  traversing 
platform  rests  on  throe  points,  not  four  :  namely  the  two  trucks,  and  a 
cap  pivoting  on  the  centre  of  the  training  circle.  The  gain  is  very 
great,  for  while  a  bearing  on  four  points  is  constantly  disturbed  by 
the  want  of  truth  in  the  planes  which  contain  the  four  points,  a 
bearing  on  three  points  is  always  true. 

The  Elswick  100-ton  muzzle-loading  gun,  as  mounted  for  Malta 
and  Gibraltar,  is  the  largest  example  of  a  muzzle-loading  gun  firing 
en  barbette  on  this  system.  The  principle  of  keeping  the  centre  of 
gravity  of  the  mass  nearly  over  the  traversing  centre  is  observed, 
while  the  employment  of  the  gun  as  an  inclined  plane  for  running 
the  shot  up  to  its  seat  in  the  bore  is  applied  to  considerable  purpose 
in  the  case  of  a  projectile  weighing  2000  lbs.  The  accumulator  and 
engine  are  below  ground.  The  accumulator  is  weighted  to  a  pressure 
of  75  lbs.  per  sq.  in.,  and  is  worked  by  an  ordinary  steam  sapper  of 
6  horse-power.  It  can  also  be  pumped  up  by  forty  men  with  hand- 
pump  gear,  in  which  case  it  is  calculated  that  the  gun  can  be  fired  at 
the  rate  of  one  round  in  about  7^  minutes. 

One  other  design  should  be  mentioned,  namely  a  mountain  gun 
unscrewing  into  two  parts  at  the  trunnion  ring.  This  device  enables 
a  field  gun  of  considerable  power  to  act  as  a  mountain  gun,  instead 
of  the  short  feeble  weapon  previously  used.  These  guns  have 
abundantly  proved  their  value  in  Affghanistan. 

The  Elswick  Works  cover  an  area  of  ground  lying  between  the 
river  Tyne  and  the  Newcastle  and  Carlisle  Eailway.  The  east  end 
is  devoted  chiefly  to  ordnance  work,  the  west  end  being  the  so-called 
engine  works,  where  the  engineering  structures  and  hydraulic 
machinery  are  made.  The  offices  are  between  these  two  departments, 
and  the  principal  road  and  jetty  are  near  the  middle  point. 
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Commencing  with  the  Ordnance  Works,  at  the  N.E.  corner,  the 
first  objects  of  interest  are  the  6-in.  and  40-ton  breech-loading  guns, 
mounted  to  illustrate  the  "  protected  barbette "  system  of  working 
guns,  and  also  the  system  of  working  breech-loading  guns  in  turrets 
by  hydraulic  power.  Close  to  these  guns  is  a  shrinking-pit  for 
ordnance  ;  also  nineteen  gas-producers  for  furnaces.  The  shops  may 
then  be  taken  in  the  following  order.  Coiling  Shop : — The  largest 
section  of  bar  coiled  has  been  12  in.  by  10  in. ;  length  of  coiling 
furnace,  180  ft.  ;  there  is  a  gas  furnace  for  heating  barrels,  also  for 
tempering,  with  an  oil  well  50  ft.  deep,  over  which  stands  a  hydraulic 
hoist.  Forge  : — The  largest  hammer,  by  Tbwaites  and  Carbutt, 
Bradford,  has  a  48  in.  cylinder  and  12  ft.  stroke ;  weight  of  piston 
and  hammer  head,  35  tons.  Blast  Furnaces : — One  furnace  building, 
two  in  work,  and  running  from  1100  to  1200  tons  a  week,  chiefly 
Nos.  1,  2,  and  3  pig,  made  from  Spanish  and  Elba  ores ;  most  of  it 
is  sold  for  steel  making.  The  blast  is  at  present  heated  by  horse- 
shoe pipes,  but  Cowper's  heating  stoves  are  in  course  of  erection ; 
present  temperature  of  blast  about  900°  Fahr.  Carriage  Shed: — 
Band  saws  cutting  iron  may  be  noticed,  and  the  Albini  carriage  on 
short-recoil  and  self-running-up  system.  Projectile  Store,  containing 
finished  projectiles : — These  are  chiefly  made  with  bands  only  of  the 
full  diameter,  which  saves  work  and  leaves  to  the  projectile  body 
the  strength  of  the  uninjured  skin  of  the  casting.  Tbe  Palliser 
chilled  projectiles  have  generally  sharp-pointed  heads,  struck  with  a 
radius  of  two  diameters.  Foundry,  containing  ten  cupola  furnaces,  of 
which  four  are  generally  in  work : — Forty  tons  is  about  the  maximum 
weight  of  casting  made  in  the  foundry ;  a  much  larger  casting, 
namely  the  bed  of  tbe  steam  hammer,  weighing  137  tons,  was  cast 
on  its  own  ground.  The  hydraulic  cranes  are  fixed  so  as  to  work 
in  pairs  or  three  together  for  heavy  work.  Engines : — Horizontal 
double  Corliss  engines  are  generally  employed,  with  multitubular 
boilers.  Juckes's  bars  and  system  of  stoking  are  applied  to  all. 
Jetty  : — On  the  east  end  are  two  fixed  hydraxilic  cranes  for  lifting 
5  tons  and  30  cwt.  ;  and  between  them  are  large  hydraulic  shears, 
worked  by  a  direct-acting  hydraulic  cylinder,  40-ft.  stroke,  lifting 
120  tons.     The  back  leg  moves  so  as  to  bring  the  lifting  cylinder 
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about  30  ft.  beyond  the  face  of  the  quay.  The  foot  is  moved  by  a 
screw  50  ft.  long,  with  hydraulic  engine  and  gear,  giving  three  different 
powers.  Along  the  jetty  run  pipes  with  hydrants  from  18  ft.  to  36  ft. 
apart,  from  which  work  five  movable  cranes,  each  lifting  about  30  cwt. : 
these  are  placed  in  position  to  suit  the  holds  of  the  vessels  by  means 
of  telescope  tubes  attached  to  the  nearest  hydrants.  Finishing  Shop : — 
The  new  type  guns  should  be  noticed,  together  with  the  breech-loading 
fittings,  and  apj>aratus  for  firing  by  electricity  and  also  mechanically. 
Turning  Shop,  for  turning,  finishing,  and  boring  work,  commencing  on 
the  solid  ingot : — At  the  east  end  guns  are  bored  vertically  in  a  pit 

23  ft.  deep.  Large  Tool  Shop,  for  turning,  boring,  and  rifling  : — The 
finest  lathe  is  one  of  Whitworth's,  for  turning,  boring,  screw-cutting, 
and  rifling,  taking  a  job  44  ft.  in  length,  36  in.  centres.  There  is 
also  a  convenient  one,  designed  at  Elswick,  and  made  by  Fairbairn 
Kennedy  and  Naylor,  taking  a  chuck  job  20  ft.  in  diameter  and  4  ft. 
G  in.  long,  or  a  job  34  ft.  long  and  8  ft.  in  diameter ;  it  is  fitted  with 
slide-rests  on  independent  beds.  Forge  : — Crank-shaft  and  gun  work, 
coil  welding,  &e.,   are  performed.      The  steam  hammers   are  from 

24  tons  to  15  cwt.  Small  Tool  Shop,  turning  and  boring  out  short 
coils : — There  is  a  large  endless  band  saw  If  in.  wide,  which  cuts 
directly  through  iron  cylindrical  work  about  16  in.  in  diameter.  Its 
speed  is  from  76  ft.  to  129  ft.  per  minute. 

In  the  Engine  Works  the  shops  may  be  taken  in  the  following 
order.  Bridge  and  Boiler  Yard : — Contains  plate-planing,  punching, 
and  multiple  and  radial  drilling  machines,  &c.  The  work  turned  out 
is  chiefly  crane  work  and  other  structural  ironwork,  such  as  lighthouses, 
bridges,  dock-gates,  pedestals  of  cranes,  &c.  Blacksmiths'  Shop : — ■ 
Boiler  and  riveting  work,  &c,  is  done  here.  At  the  back  of  the 
building  is  the  chain-making  shop,  where  all  chains  for  the  firm 
are  made,  and  tested  by  a  hydraulic  machine.  Two  Corliss  horizontal 
engines,  working  to  190  horse-power  each,  with  boilers  and  Juckes's 
grates,  &c,  are  fixed  here,  and  supply  power  to  the  whole  engine 
works.  Fitting  and  Machine  Shop  : — The  east  end  of  this  was  the  first 
shop  erected  at  Elswick ;  planing,  boring,  drilling,  and  turning  are 
done  here.  The  west  end  is  used  for  erecting  hydraulic  machinery. 
There  is  a  hydraulic  testing  machine  for  testing  cylinders  and  valves 
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up  to  3000  lbs.  per  sq.  in.  Behind  this  is  the  brass  foundry. 
Phosphor-bronze  is  chiefly  employed  for  gun-carriage  work ;  its 
cost  is  considerable,  but  it  works  well  without  lubrication.  Pattern 
Shojp : — In  this  may  be  seen  working  a  Richards  planing  machine,  and 
also  circular  saws  with  adjustable  spindles,  with  guide  and  graduated 
arc  for  setting  work  at  any  required  angle.  The  sawn  surfaces  are 
so  smooth  as  to  enable  planing  to  be  dispensed  with.  Erecting  Shop, 
for  engines,  large  cranes,  accumulators,  &c. 

There  is  a  jetty  adjoining  these  works,  with  12-ton  and  5-ton 
hydraulic  cranes.  The  works  yard  is  furnished  with  hydraulic 
capstans  and  snatch  heads  for  hauling  wagons  about  the  yard,  and 
other  appliances.  There  are  five  pumping  stations  with  accumulators, 
supplying  hydraulic  power  throughout  the  works,  at  a  pressure  of 
about  700  lbs.  per  sq.  in. 


NEWBUEN   STEEL    WORKS. 

The  firm  of  Messrs.  John  Spencer  and  Sons  was  established  in 
1810  by  the  late  Mr.  John  Spencer,  for  the  manufacture  of  files.  A 
converting  furnace  and  a  mill  for  rolling  steel  were  erected  in  the 
valley  at  Newburn,  where  water  power  was  convenient.  The  water 
did  duty  first  at  the  rolling  mill,  and  again  lower  down  on  a  large 
breastwheel,  30  ft.  diameter,  which  is  still  in  use  for  file-grinding. 
Furnaces  for  melting  the  blister  steel  on  Huntsman's  plan  were  also 
constructed.  For  several  years  files,  bar-steel,  and  best  tool-steel 
were  the  only  manufactures  carried  on. 

On  the  advent  of  the  locomotive,  and  the  establishment  of  works 
for  its  manufacture,  and  for  that  of  railway  material,  the  making  of 
springs  was  commenced  here ;  and  for  some  time  the  earliest 
requirements  in  this  line  were  supplied  from  these  works,  which 
were  gradually  enlarged  to  meet  the  increasing  demands  of  railways. 
Baillie's  volute  spring  was  taken  up,  and  was  solely  manufactured 
here  for  many  years  in  large  numbers.  The  Uchatius  process  for 
the  manufacture  of  steel  direct  from  pig-iron  by  fine  granulation  in 
water  was  tried  on  a  practical  scale,  and  a  fine  quality  of  steel  was 
obtained    (see   Proceedings    1858,    p.    146) ;    but    its    irregularity 
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precluded  its  adoption  at  the  time.  The  manufacture  of  steel  tyres 
was  introduced,  casting  them  in  a  ring  and  hammering  them  on  a 
hick  iron  ;  but  it  was  discontinued  because  of  the  difficulty  then 
experienced  in  rolling  them.  Casting  steel  in  form  was  commenced 
here  on  a  large  scale  in  1866,  though  for  many  years  previously 
simple  forms  had  been  cast.  Messrs.  Spencer  at  that  date  turned 
their  special  attention  to  this  branch  of  steel  manufacture,  and 
they  now  turn  out  upwards  of  1000  tons  per  annum  of  gearing  and 
general  castings  of  steel,  in  form. 

There  are  three  open-hearth  furnaces  for  the  manufacture  of  steel 
by  the  Siemens  and  Siemens-Martin  processes,  capable  of  turning 
out  180  tons  per  week ;  two  Siemens  regenerative  crucible-furnaces, 
each  containing  24  pots,  besides  coke  holes,  for  the  manufacture  of 
the  finer  kinds  of  steel.  There  are  also  eight  converting  furnaces 
for  the  conversion  of  Swedish  bar  iron  into  steel  by  cementation, 
their  capacity  ranging  from  15  to  25  tons  per  heat. 

The  steel  moulding  shop  is  fitted  up  with  hydraulic  swing-cranes 
and  overhead  travelling  cranes,  for  moulding  purposes  and  for  the 
general  requirements  of  the  shop ;  it  covers  an  area  of  upwards  of 
1640  square  yards.  The  forges  contain  three  double-acting  steam 
hammers  by  Thwaites  and  Carbutt,  of  8  tons,  5  tons,  and  2  tons 
weight,  all  served  by  hydraulic  cranes  and  Siemens  regenerative 
furnaces.  In  the  steel  tilting-forge  are  three  steam  hammers  from 
30  cwt.  downwards.  In  the  iron  forge  are  a  Naylor  30-cwt.  steam 
hammer,  and  one  of  15  cwt.  by  Thwaites  and  Carbutt.  The  new  mill 
comprises  an  18-in.  and  a  14-in.  train,  driven  by  a  Corliss  engine  ; 
and  the  old  mill  contains  a  10-in.  train  and  guides,  worked  by  an  old 
engine  of  locomotive  type,  by  R.  and  W.  Hawthorn. 

The  manufactures  chiefly  carried  on  are  steel  forgings,  steel 
castings,  and  bar  steel ;  also  various  kinds  of  railway  material,  such 
as  axles,  buffers,  springs,  and  volutes  ;  and  files,  tool  steel,  &c.  The 
several  shops  are  built  along  the  valley  and  on  various  levels,  but 
are  all  connected  by  a  railway  with  one  another,  and  with  the 
Scotswood  Newburn  and  Wylam  Railway.  A  tank  engine  by 
R.  and  W.  Hawthorn,  and  a  very  useful  crane  engine  by  Black 
Hawthorn  and  Co.,  make  the  transport  of  material  comparatively 
easy,  considering  the  position  and  extent  of  the  works. 
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At  Lemington,  about  one  mile  nearer  Newcastle,  are  the  Tyne 
Haematite  Iron  Works  belonging  to  Messrs.  Spencer,  the  oldest 
ironworks  in  the  North  of  England ;  comprising  two  blast-furnaces, 
at  present  out  of  blast.  There  is  here  an  old  beam  engine  by  Boulton 
and  Watt,  dated  1802,  which  was  used  for  driving  a  mill  and  forge. 
Its  beam,  showing  several  imperfections  and  flaws,  was  originally 
considered  unsafe,  and  a  spare  beam  was  sent  to  replace  it ;  however 
the  faulty  one  stood  the  work,  and  is  still  in  its  place.  Here  were 
made  most  of  the  castings  for  the  permanent  way  and  rolling  stock 
used  in  the  early  railway  trials  of  Hedley  and  Stephenson  ;  and 
several  old  patterns  still  exist,  which  were  shown  at  Newburn  on  the 
occasion  of  the  visit  of  the  Members. 


On  the  afternoon  of  Wednesday,  3rd  August,  the  Members 
visited  the  offices  of  the  Newcastle  Daily  Chronicle,  through  which  they 
were  conducted  by  Mr.  Jameson  and  Mr.  E.  B.  Reed,  and  witnessed 
in  operation  the  whole  of  the  machinery  and  processes  described  in 
Mr.  Jameson's  paper,  ante  p.  511.  Copies  of  the  Chronicle,  containing 
an  account  of  that  morning's  meeting,  were  printed  off  by  the  Hoe 
machine,  and  distributed  to  the  Members. 

They  then  travelled  by  special  train  from  Newcastle  to  Jarrow, 
to  visit  the  works  of  Palmer's  Shipbuilding  and  Iron  Co.  The 
party  were  received  by  Mr.  C.  M.  Palmer,  M.P.,  Mr.  John  Price 
the  General  Manager,  and  the  other  chief  officials,  and  were  most 
handsomely  entertained  at  luncheon  by  the  Company.  They  were 
afterwards  divided  into  several  sections  and  taken  through  the  works, 
and  at  5  p.m.  returned  by  special  train  to  Newcastle. 

In  the  evening  the  Annual  Summer  Dinner  of  the  Institution 
was  held  in  the  Assembly  Rooms,  the  President  in  the  chair,  and  was 
attended  by  over  200  Members  and  guests. 
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PALMEE'S   SHIPBUILDING   AND   IRON   WORKS. 

These  works,  situated  at  Jarrow,  about  six  miles  below  tbe  Tyne 
Bridge,  include  within  themselves  the  entire  range  of  operations  from 
the  smelting  of  the  ironstone  to  the  complete  equipment  of  iron 
vessels.  The  ore  itself  is  brought  round  by  sea  from  the  Company's 
mines  at  Port  Mulgrave,  near  Wbitby  ;  and  is  raised  from  the  river 
wharf  at  the  works  up  to  the  railway  level,  along  an  inclined  plane 
worked  by  a  stationary  engine.  Coke  and  coal  come  from  Marley  Hill 
and  other  collieries  in  Durham  and  Northumberland,  by  the  Pontop 
and  Jarrow  Railway  ;  the  coke  is  discharged  into  a  hopper  capable  of 
holding  about  1500  tons,  from  the  bottom  of  which  the  blast-furnace 
barrows  are  filled  through  sliding  doors,  dispensing  with  manual 
labour.  The  three  blast-furnaces  are  85  ft.  high,  24  ft.  diameter  at 
the  boshes,  and  8^  ft.  in  the  hearth ;  they  are  capable  of  producing 
together  about  1400  tons  of  pig  per  week,  more  than  three-fourths  of 
which  is  used  in  the  works.  The  blast  is  heated  to  about  1100° 
Fahr.  in  fifteen  cast-iron  pipe-stoves  ;  and  there  are  eight  kilns  for 
calcining  the  Cleveland  ironstone. 

The  forges  comprise  eighty  puddling  furnaces,  producing  over 
1000  tons  of  puddled  bars  weekly.  There  are  two  forge  engines  with 
36-in.  cylinders,  one  of  4  ft.  and  the  other  of  5  ft.  stroke,  each  driving 
a  roll  train  and  four  pairs  of  22-in.  rolls.  There  are  two  plate-mills 
and  ten  mill  furnaces,  producing  about  750  tons  of  finished  boiler 
and  ship  plates  weekly;  each  mill  has  two  pairs  of  24-in.  rolls, 
reversed  by  clutch  and  crabs.  A  bar  mill  with  two  pairs  of  rolls, 
driven  by  a  24-in.  cylinder,  produces  120  tons  per  week.  A  fourth 
mill,  with  four  pairs  of  rolls,  driven  by  two  30-in.  cylinders  with 
4  ft.  stroke,  produces  about  300  tons  of  plates  per  week.  There  is 
also  a  large  angle  and  bar  mill,  driven  by  a  single  engine  having 
36-in.  cylinder  and  4  ft.  stroke,  capable  of  rolling  the  very  largest 
angles  used  in  the  trade ;  and  also  a  sheet  mill.  Attached  to  the 
rolling  mills  are  shears,  circular  saws,  punching  and  straightening 
presses,  and  other  appliances  for  the  construction  of  iron  ships. 

The  adjoining  department  is  that  of  the  engine  works,  which  is 
capable  of  finishing  annually  from  30  to  40  pairs  of  marine  engines 


August  1881.  EXCURSIONS.  611 

with  their  boilers  ;  this  department  produces  its  own  iron  and  brass 
castings,  and  its  own  forgings.  In  the  boiler  shop,  vertical  rolls  for 
rolling  long  boiler  shell-plates  were  first  used,  and  the  original 
set  are  still  in  operation. 

The  shipbuilding  department  occupies  the  east  end  of  the  works  ; 
it  contains  the  largest  graving  dock  on  the  coast,  and  also  a  very  fine 
repairing  slip,  just  newly  fitted  with  hydraulic  hauling  gear.  The 
building  slips  are  suitable  for  every  kind  of  vessel  up  to  500  ft.  in 
length ;  and  are  capable,  with  those  in  the  Howdon  branch  of  the 
works  on  the  opposite  side  of  the  river,  of  launching  50,000  tons  of 
shipping  annually.  There  are  nine  building  slips  at  Jarrow  and  four 
at  Howdon. 

The  entire  works  cover  more  than  100  acres,  with  a  river  frontage 
of  about  4,000  ft.,  and  employ  about  7,000  persons. 


On  Thursday,  4th  August,  the  Members  were  again  entertained  at 
luncheon  by  the  General  Committee,  and  afterwards  started  from  the 
Quayside  in  three  special  steamers,  on  an  excursion  down  the  Tyne. 
They  first  stopped  at  Bill  Point,  to  watch  the  operations  of  a  double 
dredger,  working,  not  in  mud  or  clay,  but  in  sandstone  rock.  This 
dredger  is  of  the  ordinary  type,  but  the  ladders  are  fitted  at  intervals 
with  heavy  steel  claws,  which  catch  hold  of  the  rock  and  break  it  off. 
Pieces  weighing  more  than  10  cwts.  are  frequently  brought  up  on 
the  claws  and  in  the  buckets,  and  the  amount  raised  is  500  tons 
per  day.  The  Members  then  visited  the  Lead  Works  of  Messrs. 
Cookson  and  Co.,  and  the  works  of  the  Wallsend  Slipway  and 
Engineering  Company.  At  the  former  the  steam  desilverising 
process,  and  also  the  sheet-rolling  arrangements,  described  in  Mr. 
N.  C.  Cookson's  paper,  ante  p.  527,  were  seen  in  operation ;  and 
at  the  latter  the  working  of  the  cradle  was  inspected,  as  described 
in  Mr.  Boyd's  paper,  ante  p.  581.  The  Members  then  landed  at 
the    Coble  Dene  Dock  Works,  described   below,  where   the    steam 
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excavators,  &c,  were  seen  in  operation ;  and  from  thence  went  on  to 
the  North  Pier  at  Tynemouth,  whence  they  returned  to  Newcastle  by 
special  train. 

In  the  evening  the  Members  and  their  friends  were  invited 
by  the  Literary  and  Philosophical  Society,  and  by  the  Local 
Committee,  to  a  Conversazione  in  the  rooms  of  the  Society.  The 
adjoining  rooms  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  and  of  the  Natural  History  Society,  were  also 
thrown  open.  A  large  number  of  models,  pictures,  &c,  illustrative 
of  the  early  history  of  the  locomotive,  and  of  the  career  of  George 
Stephenson,  were  exhibited,  as  well  as  a  collection  of  microscopes. 
The  lecture  room  was  lighted  by  Swan's  electric  lamps,  and  a  lecture 
upon  this  method  of  lighting  was  given  by  Mr.  Swan  himself  in  the 
course  of  the  evening,  Sir  William  Armstrong  occupying  the  chair. 

EIVER   TYNE  IMPEOYEMENTS. 
(Abstracted  from  descriptive  Pamphlet  by  Mr.  P.  J.  MESSENT.) 

Previous  to  1860  improvements  in  the  Tyne  had  been  limited 
chiefly  to  dredging  on  a  small  scale,  and  to  groynes  and  training 
walls  thrown  out  into  the  river,  behind  which  land  was  reclaimed. 
A  bar  extending  about  800  ft.  from  west  to  east,  at  the  mouth  of 
the  river,  gave  at  spring  tides  a  depth  of  21  ft.  and  6  ft.  at  high 
and  low  water  respectively,  with  600  ft.  width  of  channel.  An 
inner  bar  with  stones  occurred  at  |-  mile  above  the  outer  bar ;  and 
a  little  higher  the  channel  was  abruptly  contracted  to  400  ft.  width 
at  the  Narrows.  Shields  Harbour,  extending  about  1^  mile  up  from 
this  point,  had  a  narrow  tortuous  deep-water  channel,  with  large 
shoals  dry  at  low  water.  Thence  up  to  Newcastle  were  a  series  of 
shoals,  with  only  a  narrow  serpentine  channel  between  them,  through 
which  vessels  drawing  15  ft.  could  get  up  at  high-water  spring  tides, 
while  at  low  water  the  depth  was  only  3  to  4  ft.  From  Newcastle 
Bridge  to  Newburn  small  craft  alone  could  get  up  the  river,  and 
these  only  at  high  water. 

In  1853  was  commenced,  under  the  late  Mr.  Plews,  the  construction 
of  the  Northumberland  Dock  on  the  north  bank,  about  three  miles 
above  the  bar,  having  nearly  55  acres  of  water  space,  with  24  and 
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20  ft.  depth  over  the  cill,  at  high  water  of  spring  and  neap  tides 
respectively.  The  dock  was  made  by  enclosing  a  portion  of  a 
bight  in  the  river,  where  most  of  the  coal  from  tbe  Northumberland 
coalfield  was  shipped ;  it  was  completed  in  1857,  without  the  traffic 
having  been  stopped  during  its  construction. 

In  1856  were  commenced  the  Tyne  piers,  designed  by  the  late 
Mr.  Walker,  at  each  side  of  the  river  mouth.  On  a  base  of  rubble 
stone,  deposited  by  barges,  is  erected  a  superstructure  of  concrete 
and  built  stonework.  The  length  at  present  completed  of  the  north 
pier  is  2472  ft.  or  0  •  47  mile,  with  submerged  base  extending  350  ft. 
further;  and  of  the  south  pier  4495  ft.  or  0-85  mile,  with  610  ft. 
of  submerged  base  beyond. 

In  1861  authority  was  obtained  for  carrying  out  Mr.  J.  F.  Ure's 
comprehensive  plan  for  improving  the  whole  194;  miles  of  the  tidal 
portion  of  the  river,  namely  lOi  miles  from  the  entrance  bar  up  to 
Newcastle  bridge,  and  8£  miles  above  the  bridge  to  the  boundary 
stone   at  Hedwin   Streams,  midway  between  Ncwburn  and  Wylam. 
In  accordance  with  this  plan,  and  from  the  protection  afforded  by 
the  Tyne  piers,  the  entrance  bar  has  been  removed,  the  former  depth  of 
6  ft.  at  low  water  being  now  increased  to  more  than  20  ft.,  which  is 
continued  up  into  the  harbour   at  a   considerable  width ;    and  the 
obstructive  Narrows  have  been  widened  from  400  ft.  to  670  ft.     In 
Shields  Harbour  the  dangerous  shoals  have  been  removed,  and  for  a 
length  of  1^  miles  vessels  can  moor  in  more  than  30  ft.  depth  at  low- water 
spring  tides.     Thence  up  to  Newcastle  there  is  now  more  than  20  ft. 
depth  at  low-water  spring  tides  ;    and  for  2^  miles  further   about 
18  ft.      This   is   now   being  continued  up  wards  to   Scotswood  and 
Blaydon,  where  there  is  already  12   ft.  depth  at  low   water.      The 
dredging  plant  comprises  six  dredgers  (three  of  over  50  H.P.),  ten 
steam  hopper-bai-ges,  forty-four  wooden  hopper-barges  without  steam 
power,  and  six  steam  tugs,  &c. ;  the  whole  dredging  plant  and  the 
repairing  establishment  have  cost  £300,000.     The  quantity  dredged 
from  the  river  bed  since   1860   has  been  sixty  million  tons.     The 
material  dredged  is  carried  two  or  three  miles  out  to  sea  by  hoppers, 
and  deposited  in  a  depth  exceeding  20  fathoms  at  low  water.     Near 
Blaydon  the  dredged  material  is  spread  upon  the  land ;  and  here  the 
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river  Las  been  widened  from  150  ft.  to  400  ft.,  while  a  new  cut, 
400  ft.  wide  and  nearly  ^  mile  long,  has  been  made  through  Lemington 
Point,  saving  ^  mile  distance  between  Newburn  and  Scotswood. 

At  Newcastle  the  old  stone  bridge,  which  was  a  great  obstruction 
both  to  tide  and  to  navigation,  has  been  replaced  by  a  Swing  Bridge, 
completed  in  1876,  having  four  openings  corresponding  with  those 
of  the  High  Level  bridge  immediately  above.  The  two  central 
openings,  each  of  104  ft.,  are  spanned  by  a  double-ended  swing  bridge, 
pivoted  on  the  intermediate  or  centre  pier.  The  piers  and  abutments 
are  of  stone  and  concrete,  and  rest  on  foundations  of  cast-iron 
cylinders  filled  with  concrete,  which  are  sunk  to  the  rock,  45  ft. 
below  low  water.  The  superstructure  is  of  wrought-iron,  and  was 
constructed  by  Sir  W.  G.  Armstrong  and  Co.,  as  already  described, 
p.  599. 

The  dangerous  bend  at  Bill  Point,  on  the  north  bank  of  the  river 
about  3  miles  below  the  bridge,  has  now  been  nearly  removed  by 
cutting  back  the  cliff,  rising  72  ft.  above  high  water,  to  a  distance  of 
about  400  ft. 

Northumberland  Dock  has  been  deepened  and  enlarged,  with 
the  addition  of  a  jetty  and  wharf ;  below  it  and  outside  has 
been  constructed  a  river-side  wharf,  1100  ft.  long.  Above  this  are 
two  self-acting  coal-shipping  staiths,  each  having  three  spouts ; 
the  loaded  wagons,  brought  within  about  540  yards  by  locomotives, 
run  down  inclines  to  the  shipping  spouts,  and  after  discharging 
run  off  empty  down  other  inclines  :  with  the  three  spouts  from  800  to 
1000  tons  of  coal  per  hour  may  be  loaded  into  a  vessel  at  each  staith. 
The  staiths  were  completed  in  1874. 

On  the  north  side  of  the  river,  below  the  Northumberland  Dock 
and  at  the  upper  end  of  Shields  Harbour,  is  the  new  Coble  Dene 
Dock,  commenced  in  1874,  and  now  within  less  than  two  years  of 
completion.  It  is  intended  chiefly  for  import  traffic,  and  will  enclose 
24  acres  of  water  space,  with  3650  ft.  of  deep-water  quays  ;  it  will 
ultimately  be  extended  to  join  the  Northumberland  Dock.  The 
tidal  entrance  will  be  80  ft.  wide,  with  a  lock  60  ft.  wide  and  350  ft. 
long.  The  depth  of  high  water  over  the  cill  will  be  30  ft.  at  spring 
tides,  and  26  ft.  at  neaps.      The  excavation  amounts  to  about  five 
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million  tons,  of  which  a  large  portion  is  removed  by  dredgers  and 
steam  navvies,  and  carried  out  to  sea  by  hoppers  ;  the  rest  being 
used  to  level  up  the  standage  ground  and  the  wharves  behind  the 
quays. 

On  the  south  side  of  the  river,  opposite  the  Northumberland  Dock, 
are  timber  ponds,  enclosing  87  acres  and  constructed  in  1874,  for 
accommodating  the  timber  trade  of  the  port. 

The  whole  of  the  above  works,  since  1859,  have  been  carried  out 
for  the  Biver  Tyne  Commissioners,  from  the  designs  and  under  the 
superintendence  first  of  Mr.  Ure,  and  subsequently  of  Mr.  P.  J. 
Messent,  M.  Inst.  C.E.,  the  present  engineer. 


On  Friday,  5th  August,  there  were  two  alternative  excursions,  the 
first  to  Sunderland,  and  the  second  to  the  Langley  Barony  Lead 
Mines  of  Messrs.  Bewick  and  Partners. 

The  first  party  travelled  by  special  train  to  Sunderland  station, 
and  were  thence  conveyed  in  trams  drawn  by  Brown's  tramway 
engine  (Proceedings  1880,  p.  44)  to  Wearmouth  Colliery  (described 
below),  which  was  inspected  under  the  guidance  of  Mr.  M.  W. 
Parrington,  the  chief  viewer.  From  thence  they  drove  to  the 
Southwick  Engine  Works  of  Mr.  George  Clark,  covering  about  3£ 
acres,  and  entirely  devoted  to  the  manufacture  of  marine  engines 
and  boilers.  Having  inspected  these,  they  crossed  the  river  to  the 
Pallion  Shipbuilding  Yard  and  Marine  Engine  Works  of  Messrs. 
Win.  Doxford  and  Sons,  containing  five  slips,  and  having  plant  of  the 
most  modern  type  and  construction  for  the  building  and  engining  of 
vessels  of  the  largest  class.  The  party  then  went  on  board  a  steamer 
provided  by  the  Biver  Wear  Commissioners,  and  were  taken  down  to 
the  mouth  of  the  river ;  passing  under  the  railway  bridge  erected  in 
1879,  with  a  clear  span  of  300  ft.,  and  under  the  adjoining  road 
bridge,  originally  built  by  Bowland  Burdon  in  1796,  with  six  cast- 
iron  arched  ribs,  and  strengthened  by  Bobert  Stephenson  in  1858  with 


616  EXCURSIONS.  August  1881. 

three  wrought-iron  tubular  arches  (Proceedings  1858,  p.  261).  At 
the  docks  the  diamond  drill  was  seen,  as  employed  in  boring  holes 
for  blasting  under  water,  and  some  submarine  shots  were  fired.  The 
party  then  landed  at  the  Chain  Cable  and  Anchor  Testing  Works 
of  the  Commissioners,  which  were  seen  in  operation;  and  were 
subsequently  received  by  Mr.  James  Laing,  Chairman  of  the  Board, 
the  Commissioners,  and  the  principal  members  of  their  staff,  and 
were  conducted  by  them  over  the  docks,  inspecting  the  working  of 
the  coal  staiths,  the  hydraulic  machinery  at  the  new  Sea  Lock,  &c. 
They  were  then  most  handsomely  entertained  at  dinner  by  the 
Engineers  and  Shipbuilders  of  Sunderland,  in  one  of  the 
Commissioners'  large  warehouses  on  the  quay  (specially  adapted  for 
this  occasion)  ;  and  returned  to  Newcastle  in  the  course  of  the  evening. 

WEARMOUTH  COLLIERY,  MONKWEARMOUTH. 

The  sinking  of  this  colliery  was  commenced  in  1826  and  continued 
without  intermission  for  nine  years,  reaching  the  Maudlin  or  Bensham 
seam  in  1835,  at  a  depth  of  532  yards  from  the  surface.  In  passing 
through  the  magnesian  limestone,  feeders  of  water  amounting  to 
2000  gallons  per  minute  were  met  with,  and  pumped  to  the  surface ; 
until  at  a  depth  of  140  yards  a  suitable  foundation  was  met  with,  and 
the  water  shut  out  by  means  of  metal  tubbing.  The  pits  were  some 
years  afterwards  sunk  to  the  Hutton  seam,  which  was  passed  through 
at  a  depth  of  574  yards. 

The  temperature  of  the  coal  seam  at  this  depth  is  found  to  be 
90°  Eahr.  ;  but  by  means  of  a  constant  supply  of  fresh  air  the 
atmosphere  in  the  workings  is  reduced  to  a  mean  temperature  of  75°. 
The  total  ventilating  current  amounts  to  200,000  cub.  ft.  of  air  per 
minute,  which  is  produced  by  means  of  a  furnace  having  a  fire-grate 
area  of  144  sq.  ft.,  placed  at  the  bottom  of  the  upcast  shaft,  and 
assisted  by  the  furnaces  of  six  steam  boilers. 

The  principal  workings  are  2  to  3  miles  from  the  bottom  of 
the  shafts,  the  farthest  being  3\  miles.  The  haulage  is  done  by 
three  stationary  engines,  more  than  20  miles  of  steel  wire-rope  being 
in  daily  use.  Electric  bells  are  employed  for  signalling  on  the 
engine  planes. 
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All  the  coal  is  drawn  to  bank  from  the  level  of  the  Hutton 
scam  by  two  vertical  low-pressure  engines,  of  180  and  200 
nominal  H.P.  respectively.  The  flat  steel  wire-ropes  are  5^  in.  wide 
by  £  in.  thick,  weighing  36  lbs.  per  fathom.  The  cages  are  of  steel : 
each  weighs  35  cwt.,  and  brings  up  at  one  time  eight  tubs  of  coal, 
each  tub  weighing  when  full  13^  cwt.,  while  the  cage  chains  weigh 
5  cwt.  Hence  the  greatest  weight  on  the  rope  at  the  moment  of 
lifting  from  the  bottom  is  12  tons  3^  cwt.  Each  engine  when  fully 
employed  can  raise  90  tons  of  coal  per  hour. 

SUNDEELAND  DOCKS. 

Sunderland  is  one  of  the  largest  coal-shipping  and  shipbuilding 
ports  in  the  kingdom,  and  has  now  dock  accommodation  commensurate 
with  this  importance.  At  the  mouth  of  the  river  Wear  on  its  north 
bank  is  the  Wearmouth  Dock,  belonging  to  the  North  Eastern 
Eailway,  and  containing  6  acres  of  water  area,  with  20^  ft.  depth  of 
high  water  over  the  cill  at  spring  tides,  and  17  ft.  at  neaps.  On  the 
south  bank,  and  extending  more  than  a  mile  along  the  seashore,  are 
the  three  South  Docks,  belonging  to  the  Eiver  Wear  Commissioners ; 
these  all  communicate,  and  contain  together  44  acres  of  water  area. 
They  have  recently  been  provided  with  a  sea  lock,  designed  and 
carried  out  under  the  superintendence  of  the  Engineer  to  the 
Commissioners,  Mr.  Henry  H.  Wake.  This  lock  is  480  ft.  long 
and  90  ft.  wide,  with  65  ft.  width  at  the  gates.  The  depth  over  the 
outer  cill  is  27  ft.  and  23^  ft.,  and  that  over  the  inner  cill  is 
25^  ft.  and  22  ft.,  at  high  water  of  springs  and  neaps  respectively ; 
and  as  the  depth  in  the  channel  outside  is  about  the  same,  much 
of  the  traffic  can  be  worked  independently  of  the  tide.  The  swing 
bridge,  the  dock  gates,  and  the  sluices  are  all  worked  by  hydraulic 
machinery.  In  the  chain  cable  and  anchor  testing  works  of  the 
Eiver  Wear  Commissioners,  which  are  of  the  most  complete  kind,  the 
testing  operations  are  all  effected  by  hydraulic  power  from  an 
accumulator,  at  a  pressure  of  2000  lbs.  per  sq.  in.  The  quays  are 
furnished  with  hydraulic  and  steam  cranes  and  other  appliances  ; 
and  with  extensive  warehouse  accommodation.  At  the  docks  and  in 
the  river  are  coal  staiths,  at  which  is  shipped  nearly  the  whole  output 
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from  numerous  largo  collieries  in  the  county  of  Durham.  In  the 
harbour,  submarine  rock-boring  and  blasting  operations  by  means 
of  the  diamond-drill  apparatus  are  in  progress.  The  limits  of  the 
port  extend  for  six  miles  along  the  coast,  and  up  the  river  Wear  to 
Biddick  Ford,  about  eight  miles  from  the  sea. 

LANGLEY  BARONY  LEAD  MINES. 

In  the  excursion  to  Langley  Barony  Lead  Mines,  the  party  travelled 
on  the  Newcastle  and  Carlisle  Railway,  by  special  train,  to  Haydon, 
Bridge  Station,  passing  the  numerous  collieries  and  iron  works  at 
Blaydon,  Newburn,  Wylam,  &c,  and  also  the  Fourstones  colliery 
and  lime  kilns,  where  coal  is  raised  from  the  mountain  limestone 
formation.  A  lower  stratum  of  rock  at  the  same  place  yields  the 
Prudkani  building  stone,  used  for  the  Army  and  Navy  Hotel, 
Victoria  Street,  Westminster,  and  elsewhere.  At  Haydon  Bridge 
the  party  were  received  by  Mr.  T.  J.  Bewick,  and  were  then  taken 
in  carriages  to  the  mines.  They  first  visited  the  Honeycrook  adit 
and  works,  and  afterwards  the  Leadbitter  shaft  and  Joicey  shaft, 
with  the  works  adjoining.  They  then  returned  by  another  route  to 
Haydon  Bridge,  where  they  were  entertained  at  luncheon  by  Messrs. 
Bewick  and  Partners ;  and  afterwards  travelled  back  to  Newcastle  by 
special  train. 

The  following  description  of  the  mines  and  works  is  supplied  by 
the  kindness  of  Mr.  T.  J.  Bewick,  M.  Inst.  M.  E. 

The  Honeycrook  adit,  commenced  in  July  1871,  is  driven  nearly 
due  north  in  a  "  cross  "  vein,  or  one  running  north  and  south,  for  a 
distance  of  82  fathoms.  Here  Bewick  vein  is  intersected,  and  it  is  in 
this  that  the  lead  ore  is  met  with.  This  vein  dislocates  the  strata 
at  this  point,  forming  a  fault  of  5i  fathoms  throw,  which  increases 
eastwards  until  at  Joicey  shaft  it  is  7^  fathoms,  the  north  side  being 
thrown  down.  Its  underlay,  or  "  hade,"  is  slightly  to  the  north,  and 
the  average  bearing  is  about  67°  east  of  north,  magnetic.  There  is 
a  thick  covering  of  clay  on  the  surface,  and  the  existence  of  this  vein 
was  unknown  until  September  1872 ;  since  that  time  it  has  been 
driven  upon  for  nearly  700  fathoms,  or  over  three-quarters  of  a  mile. 
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and  worked  at  one  point  to  a  depth  of  41  fathoms  below  the  adit. 
It  has  so  far  yielded  between  15,000  and  16,000  tons  of  lead  ore. 

At  the  Honey  crook  works  are  dressing  floors  and  various  machines 
for  separating  the  lead  ore  from  the  matrix,  and  from  other  valueless 
material,  such  as  rock  and  clay,  with  which  it  is  intermixed  in  the 
vein.  The  machinery  comprises  a  steam  hoist  for  lifting  the  stuff  to 
the  top  of  the  crushing  house,  in  which  is  a  Blake  stonebreaker  and 
a  crushing  mill  with  one  pair  of  rolls.  Adjoining  on  one  side  are 
the  boiler  and  a  horizontal  steam  engine,  and  on  the  opposite  side  a 
complete  set  of  jigging  machinery.  In  a  house  close  by  are  a  smaller 
crushing  mill,  for  further  reducing  the  material,  a  stonebreaker, 
jigging  machines,  elevators,  four  round  "buddies,"  and  other 
appliances  —  all  driven  by  a  vertical  boiler  and  engine.  Just 
outside  are  a  series  of  collecting  pits  and  two  more  round  buddies. 
About  50  yards  lower  down  the  valley  are  another  set  of  collecting 
pits,  and  a  round  buddle  driven  by  a  small  water-wheel.  Close  to 
the  latter  is  a  vertical  boiler  and  a  steam  force-pump,  for  lifting  the 
water,  used  in  the  before-mentioned  works,  (which  now  contains  a 
little  lead  ore  in  a  finely  powdered  state)  through  pipes  to  large 
settling  pits  situated  95  ft.  higher  up  the  hill.  In  these  pits  the 
mud,  containing  a  small  percentage  of  ore,  subsides,  and  is  afterwards 
removed  by  manual  labour,  or  by  a  travelling  pump,  and  passed  over 
three  circular  buddies  (Zennor's)  for  the  purpose  of  separating  the 
ore  from  the  waste.  These  buddies,  and  the  machinery  in  connection 
therewith,  are  driven  by  a  water-wheel. 

On  the  hillside,  above  and  north  of  the  Honeycrook  works,  are 
the  Leadbitter  shaft,  and  the  dressing  and  other  machinery  in 
connection  therewith.  This  shaft  is  70  fathoms  in  depth,  the  adit 
being  2  6,|-  fathoms  from  the  top ;  while  below  are  the  11  fathoms, 
27  fathoms,  and  41  fathoms  levels. 

The  first  house  reached,  after  leaving  the  Honeycrook  works, 
contains  a  chat  or  small  crushing  mill,  jigging  machinery,  and  two 
round  buddies,  all  driven  by  a  horizontal  engine  by  Eobey  and  Co., 
supplied  with  steam  from  a  vertical  boiler.  Just  above,  and  nearer 
Leadbitter  shaft,  is  a  house  containing  a  crushing  mill,  set  of  jigging 
machinery,  and  other  appliances,  with  a  horizontal  engine  for  working 
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the  same.  At  the  shaft  are  three  boilers  for  supplying  steam  to  a 
double-cylinder  winding  engine,  to  one  of  Davey's  single -cylinder 
non-condensing  pumping  engines,  to  a  small  oscillating  engine 
working  a  lathe,  to  a  Tangye  engine  for  driving  the  saw-mill,  and 
lastly  to  the  engine  before-mentioned  in  the  crushing-mill  house. 

Near  to  Leadbitter  shaft  are  two  reservoirs,  into  which  the  water 
required  for  dressing  the  ores  is  collected.  The  large  one  is  fed  by 
a  water  race  over  three-quarters  of  a  mile  in  length,  and  the  small 
one  by  the  water  pumped  from  the  mine. 

About  700  yards  to  the  north-east  of  Leadbitter  shaft  is  the  Joicey 
shaft,  with  dressing  and  other  works.  This  shaft  is  nearly  41 
fathoms  in  depth,  and  as  yet  the  only  communications  between  it 
and  the  workings  are  the  adit  and  the  11  fathoms  level — the 
former  nearly  27  fathoms,  and  the  latter  40  fathoms  from  the  top. 

The  dressing  floors  are  first  reached.  The  machinery  here  is  all 
under  one  roof,  and  consists  of  a  boiler,  a  pair  of  horizontal  engines, 
a  Blake  stonebreaker,  large  crushing  mill,  chat  or  small  crushing 
mill,  a  complete  set  of  jiggers,  and  other  appliances.  The  necessary 
buddies  for  dressing  the  sludge  and  slime  are  not  yet  erected  at  this 
place.  At  the  shaft  top  are  two  boilers,  which  at  present  supply 
steam  to  a  pair  of  winding  engines  only,  but  are  designed  to  be 
connected  with  one  of  Davey's  compound  pumping  engines,  and  to 
engines  driving  a  saw-mill  and  workshop,  which  it  is  proposed  to 
erect  at  this  place. 

About  half  a  mile  to  the  north  of  Joicey  shaft  is  a  reservoir  for 
impounding  the  drainage  water  of  the  district,  from  which  it  is 
conveyed  in  an  open  race  to  a  small  service  dam.  Close  to  the 
dressing  works  and  near  the  shaft  is  another  reservoir,  into  which, 
when  necessary,  the  water  will  be  pumped  from  the  mine.  A  little 
south  of  the  Joicey  works  is  a  storage  reservoir,  into  which  flows  all 
the  water  used  thereat ;  and  from  thence  it  runs  by  a  water  course 
to  the  Honeycrook  dressing  floors. 

The  system  of  "  Dressing  "  the  Lead  Ore,  or  separating  it  from 
the  gangue,  and  the  rock  and  earth  with  which  it  occurs  in  the  vein, 
is  first   to   pass  it  through   a  stonebreaker  or   a   pair  of  crushing 
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rollers — not  unfrequently  indeed  through  hoth  ;  from  which,  in  its 
reduced  state,  it  is  carried  through  a  series  of  inclined  revolving 
cylinders  or  "  trommels,"  each  perforated  with  holes  of  different 
sizes.  Through  these  holes  the  ore  falls  into  the  "jiggers" 
or  sieves,  which  are  similarly  perforated.  These  sieves  are 
themselves  fixed,  but  the  water  in  which  they  are  placed  is  moved 
up  and  down  by  large  square  pistons,  worked  by  eccentrics. 
According  to  circumstances,  there  are  two,  three,  or  four  of  these 
sieves  placed  in  succession,  each  a  little  lower  than  the  preceding  one  ; 
and  thus  the  crushed  material,  by  the  admixture  and  motion  of  the 
water,  is  carried  slowly  forward,  the  lead  ore  and  other  heavy 
minerals  settling  on  the  sieve,  or  if  small  enough  falling  through  the 
holes  into  the  tub  beneath  ;  from  which  it  is  occasionally  taken  off  by 
a  valve  in  the  bottom.  The  light  rock  or  "  waste  "  is  carried  over 
the  end  of  the  lowest  sieve,  and  removed  by  wagon  or  barrow  to  the 
"  dead  "  heap.  Much  of  the  material  collected  on  the  sieves,  and  in 
the  tub  below,  is  a  mixture,  in  a  more  or  less  united  form,  of  ore  and 
valueless  mineral  (in  this  case  mostly  sulphate  of  baryta),  or  of  ore 
and  rock.  When  in  this  condition  it  is  further  reduced,  by  being 
again  crushed  in  a  smaller  mill,  in  which  the  rolls  are  set  nearer 
together.  A  considerable  proportion  is  here  crushed  very  small,  and 
carried  by  the  water  into  tanks  or  "  classifiers  " ;  from  which  it  is 
taken  to  similar  jiggers,  perforated  with  smaller  holes,  and  where  the 
pistons  have  a  shorter  stroke  and  a  higher  speed. 

Some  of  the  ore  taken  from  the  tubs  has  a  slight  admixture  of 
sand,  and  has  to  be  passed  under  the  "propeller"  or  "knife  middle." 
This  is  a  cylindrical  framework  of  iron,  revolving  on  a  horizontal 
axis,  and  carrying  a  series  of  scrapers  or  knife  blades,  fixed  in  spiral 
lines  round  the  outside.  These  revolve  close  to  a  bed  or  channel, 
hollowed  to  the  same  radius ;  and,  the  ore  being  supplied  at  one  end 
of  the  bed,  the  revolving  blades  not  only  cause  it  to  travel  forward, 
but  also  sweep  it  continually  upwards  on  the  curved  bed  against 
a  stream  of  clean  water  flowing  across  it.  The  water  separates 
and  carries  off  the  sand,  leaving  the  ore  almost  pure  by  the  time 
it  arrives  at  the  further  end  of  the  bed,  from  which  it  falls  into 
a  receptacle. 
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Thus  tlio  material,  on  being  first  brought  out  of  the  mine,  is 
reduced  in  size  and  then  passed  through  the  jiggers  until  most  of  the 
ore  is  extracted.  There  is  however  still  a  little  left,  known  as 
"  slimes."  These  slimes  are  run  on  to  the  apex  of  a  conical 
huddle,  16  to  20  ft.  diameter,  and  being  here  mixed  with  an 
additional  quantity  of  water  (clean  if  practicable),  flow  down  the 
slope  of  tbe  cone.  Tbe  ore  and  the  heaviest  of  the  minerals  subside 
first,  near  the  apex :  the  lighter  portions  go  towards  the  periphery 
and  settle  there,  or  are  carried  away  in  the  water.  These  buddies  fill 
with  deposit  to  the  depth  of  a  foot  or  thereabouts,  and  are  then 
emptied  by  manual  labour.  The  outer  portion  is  thrown  away,  as 
containing  no  ore ;  the  middle  and  upper  portions  are  again  passed 
over  these  buddies,  as  often  as  necessary,  until  the  lead  ore  is  nearly 
pure  enough  to  send  to  market. 

The  final  operation  with  this  class  of  ore  is  to  "  dolly  "  it,  that  is 
to  put  the  ore  into  an  ordinary  large  sized  cylindrical  wooden  tub 
with  water,  agitate  it  so  that  the  whole  is  thoroughly  intermixed, 
and  then  rapidly  strike  the  sides  of  the  tub  with  heavy  pieces  of  wood 
or  iron  bars  ;  in  some  instances  this  is  done  by  hammers  driven  by 
machinery,  but  at  these  mines  boys  are  employed  in  this  operation. 
This  has  the  effect  of  causing  the  ore  to  settle  at  the  bottom  or  lower 
part  of  the  tub,  and  the  lighter  sand  or  waste  to  come  to  the  top. 
The  ore  is  taken  out  of  the  tub  by  manual  labour,  and  is  now  fit  for 
market. 

All  the  water  used  in  the  manipulation  of  the  ore,  as  before 
described,  is  run  into  a  series  of  pits  20  to  30  ft.  long,  about  3  ft. 
wide  and  2  ft.  deep ;  and  here  the  bulk  of  the  remaining  mud, 
containing  a  small  proportion  of  finely  powdered  lead  ore,  settles. 
When  these  pits  become  full,  the  mud  is  removed  and  passed,  as 
just  described,  over  round  buddies  and  through  the  dolly  tub,  until 
practically  all  the  ore  is  saved. 
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Institution  ri  lllttjnnutnl  Engineers, 


PEOCEEDINaS. 


October  1881. 


The  Autumn  Meeting  of  the  Institution  was  held  in  the  Memorial 
Hall,  Albert  Square,  Manchester,  on  Friday,  28th  October,  1881,  at 
Three  o'clock,  p.m. ;  Edward  A.  Cowper.  Esq.,  President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed. 

The  President  said  he  could  not  sign  the  minutes  without 
expressing  his  great  satisfaction  that  the  Newcastle  meeting  had  been 
such  a  successful  one.  The  kindness  and  hospitality  of  their  friends 
in  Newcastle  had  certainly  been  most  pleasing,  and  he  trusted  that  in 
every  town  the  Institution  might  go  to  they  would  be  received  in  like 
manner.  Their  next  summer  meeting  would  be  held  in  Leeds,  the 
Council  having  accepted  a  most  cordial  invitation  from  the  engineers 
of  that  town,  and  he  believed  it  would  be  equally  successful.  He 
might  say  that  a  strong  Committee  had  already  been  formed  there, 
and  they  were  at  work  getting  matters  together — arranging  for  papers, 
looking  out  for  interesting  facts,  &c.  The  Chairman  of  the 
Committee  was  Mr.  James  Kitson,  Jun.,  and  among  the  members 
were  Mr.  David  Greig,  Mr.  J.  Hawthorn  Kitson,  Mr.  Joseph  Craven, 
Mr.  Henry  Davey,  Mr.  Arthur  Greenwood,  Mr.  Benjamin  Walker, 
Mr.  Edwin  Wardle,  Mr.  James  Young,  and  others  :  while  the  Honorary 
Secretaries  were  Mr.  J.  Hartley  Wicksteed  and  Mr.  John  Barber,  of 
whom  the  latter  had  already  acted  in  the  same  capacity  for  the  Iron 
and  Steel  Institute  in  1876. 

The  President  announced  that  the  Ballot  Lists  for  the  election 
of  Members  had  been  opened  by  a  Committee. of  the  Council,  and 
that  the  following  New  Members  &c.  were  found  to  be  didy  elected : — 
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MEMBERS. 

Joseph  Liddell  Anderson,     ....  Loudon. 

William  Bawden, Manchester. 

William  Bocquet, Lahore,  India. 

John  Henry  Briggs, Kiniberley,  South  Africa. 

Robert  Briggs, Philadelphia. 

Henry  Wheeler  Bulkley,      ....  New  York. 

Robert  Scott  Burn, Stockport. 

Henry  Woodham  Dunn, Ruysna,  Cape  Colony. 

Sidney  Howard  Farrar, Port  Elizabeth,  S.Africa. 

Edward  William  Mackenzie  Hughes,    .  Adamwahan,  India. 

Arthur  Laing, Sunderland. 

George  Benjamin  Mallory,    ....  New  York. 

Josiah  McGregor, London. 

Charles  Scott  Meik, Edinburgh. 

Arthur  Nesfield, Liverpool. 

Henry  Parry,    ........  Newcastle  on-Tyne. 

George  Richardson, Oldham. 

George  Innes  Scott, Newcastle-on-Tyne. 

Joshua  Shaw, Manchester. 

Henry  Smith, Loudon. 

William  Augustus  Wharton,       .      .      .  Nottingham. 

John  Wilson, London. 

John  Mervyn  Wrench, Lahore,  India. 

Eobert  Younger, Newcastle-on-Tyne. 

graduate. 

William  St.  John  Oswell,     ....  London. 


The  President  announced  that  the  President,  two  Vice-Presidents, 
aud  five  Members  of  Council,  would  go  out  of  office  at  the  ensuing- 
Annual  General  Meeting,  according  to  the  Rules  of  the  Institution ; 
and  that  the  list  of  those  retiring  was  as  follows  : — 
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PRESIDENT. 

Edward  A.  Cowper, London. 

VICE-PRESIDENTS. 

I.  Lowthian  Bell,  F.R.S., Northallerton. 

Charles  P.  Stewart, Sunninghill. 

members  of  council. 

William  Anderson, London. 

Thomas  E.  Crampton, London. 

Edward  Easton, London. 

John  Penn, London. 

William  Eichardson, Oldham. 

The  whole  of  the  retiring  Vice-Presidents  and  Members  of 
Council  offered  themselves  for  re-election;  and  he  was  happy 
to  say  that  their  most  important  officer,  whose  name  had  been 
mentioned  at  the  last  meeting,  and  who  was  now  to  be  formally 
nominated  at  this  meeting,  had  accepted  the  nomination.  He  referred 
to  Mr.  Westmacott,  and  he  felt  sure  that  no  gentleman  could  fill  the 
post  of  President  with  greater  satisfaction  to  the  members.  He 
should  himself  vacate  the  chair  with  less  feeling  of  regret,  because 
he  knew  it  would  be  better  filled  by  that  gentleman  than  it  had  been 
by  himself.  The  following  additional  candidates  were  now  nominated 
by  the  Council  for  the  election  at  the  Annual  General  Meeting  : — 

Election 
as  Member.  PRESIDENT. 

1862.     Percy  G.  B.  Westmacott,      .      .     Newcastle-on-Tyne. 

VICE-PRESIDENT. 

1859.  George  B.  Eennie,   ....  London. 


MEMBERS    OF    COUNCIL. 

1865.  Francis  C.  Marshall,.      .      .      .     Newcastle-on-Tyne. 

1866.  Henry  Chapman,     . 

1866.  E.  Windsor  Eichards, 

1867.  Ealph  H.  Tweddell,  . 
1879.     William  Parker,    . 


London. 
Middlesbrough. 
London. 
London. 

3  b  2 
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According  to  the  Rules  of  the  Institution,  it  was  now  open  to  any 
Member  to  add  to  the  list  of  candidates. 

No  other  names  being  added,  the  President  declared  the  above 
list  to  be  complete. 


The  President  reminded  the  Meeting  that,  if  any  Member  had 
any  motion  to  propose  at  the  Annual  General  Meeting,  in  reference 
to  the  Bye-Laws,  notice  must  be  given  of  it  at  the  present  meeting. 

No  such  notice  was  given. 


The   following   papers   were   then  read   and   discussed   by   the 
Meeting : — 

On  Bessemer  Steel  Plant,  with   special  reference  to  the  Erimus  Works ;   by 

Mr.  C.  J.  Copeland,  of  Barrow-in-Furness. 
On  Compressed- Air  Engines  for   Tramways ;    by  Mr.  W.   D.  Scott-Moncrieff, 

of  London. 

On  the  motion  of  the  President,  a  vote  of  thanks  was  passed  to 
each  of  the  authors  for  his  valuable  paper. 


The  President  announced  that  four  Telescopic  Gasholders,  erected 
for  the  Corporation  of  Manchester  at  their  new  Gas  Works,  Bradford 
Road,  Manchester,  would  be  shown  on  the  following  morning  to  the 
Members.  Three  of  these  gasholders  were  already  filled  with  gas, 
and  it  was  intended  to  fill  the  fourth  during  the  visit  of  the  Members, 
that  they  might  have  the  opportunity  of  witnessing  the  operation. 
The  gasholders  were  150  ft.  diameter,  and  105  ft.  high,  in  three  lifts ; 
and  would  be  found  well  worthy  of  inspection.  They  had  been 
erected  by  the  Horseley  Iron  Co.,  the  engineer  being  Mr.  J.  G.  Lynde, 
M.  Inst.  M.  E.,  by  whose  kindness  the  visit  had  been  arranged. 

The  Meeting  then  terminated. 
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ON  BESSEMER  STEEL  PLANT, 
WITH  SPECIAL  REFERENCE  TO  THE  ERBIUS  WORKS. 


By  Me.  C.  J.  COPELAND,  of  Bareow-dt-Fueness. 


The  Bessemer  Steel-making  Plant  at  the  Erimus  Works, 
Middlesbrough,  designed  by  Mr.  Samuel  Godfrey,  has  perhaps  a 
special  interest  as  affording  an  example  of  the  conversion  of 
ironworks  into  steelworks.  The  Erimus  Works  were  originally 
designed  for  the  Danks  process,  and  the  steel  plant  has  been 
necessarily  introduced  in  a  comparatively  limited  space. 

The  cupola  stage  A,  Fig.  1,  Plate  85,  and  the  cupolas  C  for 
melting  the  pig  iron,  remain  as  they  were,  and  the  wall  B  of  the  new 
converter  house  leaves  them  outside  the  building.  The  elevation  of 
these  cupolas,  as  constructed  for  the  Danks  process,  not  being 
sufficient  to  run  the  metal  direct  into  the  converter,  it  is  run  into 
a  receiver  D,  aud  from  thence  tapped  into  the  ladle  E  on  the  table 
of  the  hydraulic  lift  F,  Figs.  1  and  2,  Plates  85  and  86.  This  lift 
has  a  ram  14  in.  diameter  and  21  ft.  6  in.  stroke.  The  table  is 
made  sufficiently  strong  for  a  locomotive  to  run  over  it,  when  it  is  at 
the  ground  level.  The  lift  is  worked  by  an  ordinary  slide-valve, 
levers  for  which  are  placed  both  on  the  platform  G  and  on  the 
floor-level ;  and  there  is  a  knock-off  arrangement  at  the  top  and 
bottom  of  the  stroke.  There  are  two  guide-pillars,  which  are  also 
used  for  supporting  the  platform  G. 

The  metal  ladles  E  have  a  capacity  of  six  tons,  with  an  ample 
allowance  for  slag ;  being  made  to  tap  at  bottom,  they  have  no  tipping 
gear  attached  to  them.  They  are  supported  on  their  carriage  by  an 
angle-iron  belt,  and  are  easily  removed  for  relining  and  repairs.  The 
metal  runner  H  is  suspended  in  a  movable  sling  at  the  outer  end, 
and  supported  on  wheels  at  the  back  end:  it  is  easily  adjusted  to 
the  spout  on  the  metal  ladles  and  to  the  mouths  of  the  converters  K. 
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The  spiegel  cupolas  M,  Plates  85  and  86,  are  4  ft.  4  in.  diameter 
inside  the  shell,  and  are  placed  on  the  platform  G,  one  on  each  side 
of  the  lift  F.  The  spiegel  is  run  into  small  ladles  L,  which  are 
lifted  by  the  hydraulic  crane  N  attached  to  the  wall  of  the  house  :  it 
is  weighed,  in  the  act  of  running  from  the  cupolas,  by  one  of 
Duckham's  hydraulic  weighing  machines  suspended  to  the  jib.  The 
metal  in  the  ladles  is  then  tipped  into  the  runner  H.  The  valve-gear 
for  the  crane  N  is  fixed  on  the  platform  G. 

The  converters  K,  two  in  number,  have  wronght-iron  shells,  8  ft. 
diameter  outside,  and  f-  in.  thick.  The  length  from  the  centre  of 
the  trunnion  to  the  top  of  the  nose  is  8  ft.  8  in. ;  and  to  the  bottom 
of  the  converter,  exclusive  of  blast  box,  5  ft.  10  in.  The  shells  are 
carried  by  a  strong  cast-iron  belt,  3  ft.  deep,  a  portion  of  which  is 
used  for  conveying  the  blast.  The  trunnions  are  19  in.  diameter, 
and  are  cast  on  the  belt,  which  is  made  in  segments,  and  is  fitted  to 
the  converter  between  strong  angle-iron  rings,  so  that  it  can  be 
removed  without  damaging  the  shell  of  the  converter. 

A  special  feature  of  the  converter  is  the  cast-iron  hood  fixed  on 
the  back  above  the  belt,  to  form  a  tapping  hole  J,  as  shown  enlarged 
in  Fig.  4,  Plate  87.  By  this  means,  should  any  difficulty  arise 
through  the  metal  taking  up  jdiospkorus  from  the  slag,  when  it  is 
being  poured  in  the  ordinary  way,  it  can  be  tapped  out,  with  the 
converter  in  an  horizontal  position,  from  beneath  the  slag,  as  shown 
at  J  in  Fig.  3. 

The  converters  are  carried  on  cast-iron  standards  P,  Plate  85, 
the  bases  of  which  are  on  the  floor  level,  15  ft.  6  in.  from  the 
centre  of  the  trunnions.  These  standards  are  tied  to  the  walls  of 
the  house,  and  secured  together  by  the  platform  girders.  The  tipping 
gear  T,  Plate  86,  is  carried  on  brackets  attached  to  the  outer 
standards,  and  consists  of  movable  horizontal  hydravdic  cylinders,  on 
which  are  fixed  cast-steel  racks,  working  in  steel  pinions  keyed  on 
the  converter  trunnions.  The  piston-rods  are  of  Siemens  steel,  and 
are  bored  out  so  as  to  conduct  the  pressure  to  each  side  of  the  pistons. 
The  outer  ends  of  the  piston-rods  are  secured  to  the  standards  P, 
and  the  cylinders  have  sufficient  travel  to  turn  the  converters  through 
three-fourths  of  a  revolution. 
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Hand-cranes  Q,  Plate  86,  are  fixed  on  each  side  of  the  platform 
G,  for  lifting  the  blast-hox  covers,  &c. ;  and  jack  rams  are  provided 
for  changing  the  bottoms. 

The  centre  casting-crane  R,  Plates  85  and  86,  has  a  ram  2  ft. 
diameter  and  36  ft.  long,  the  working  stroke  being  19  ft.  The 
extreme  radius  of  the  ladle  is  17  ft.,  with  a  traverse  inwards  of  18  in. 
The  jib  is  turned,  and  the  ladle  traversed,  by  hand-gear ;  the  centre 
casting  having  a  steel  pivot  at  the  top,  and  being  fitted  with  a  ring 
of  live  rollers  at  the  bottom.  The  great  length  of  lift  was  arranged 
specially  for  the  dephosphorising  process,  and  the  proposed  operations 
with  that  process  are  indicated  in  Fig.  3,  Plate  87.  The  dotted 
lines  show  the  crane  at  its  extreme  lift,  transferring  the  desiliconised 
metal  to  the  second  converter ;  which  may  be  found  necessary,  if  the 
operation  cannot  be  completed  in  the  ordinary  way. 

The  ingot  cranes  S,  Plate  85,  two  in  number,  are  of  the  ordinary 
type,  having  rams  10  in.  and  15  in.  diameter,  and  a  working  radius  of 
18  ft.,  with  a  lift  of  7  ft.  6  in.,  as  shown  to  a  larger  scale  in 
Fig.  10,  Plate  89.  The  objection  urged  against  this  kind  of  crane 
is  that  the  dead  weight  of  the  ram  and  jib  is  greater  than  the  live 
weight  the  crane  will  lift ;  but,  having  regard  to  the  great  desideratum 
of  all  steel  plant,  namely  simplicity,  the  author  thinks  that  this 
objection  may  be  disregarded.  The  jibs  are  fitted  with  the  usual 
racking-out  gear,  and  the  cranes  are  made  for  a  lift  of  five  tons. 

The  low  level  of  the  Erimus  Works  necessitated  special 
arrangements  being  made  for  draining  the  crane  and  hydraulic  lift 
pits.  This  is  accomplished  as  follows.  The  top  supporting  plates 
of  the  cranes  are  bedded  in  cement  over  the  pits,  so  as  to  form  an 
air-tight  joint.  Two-inch  drain  pipes  are  carried  to  the  bottom  of 
the  pits,  and  a  pipe  from  the  blast  main  is  introduced  at  the  top,  thus 
forcing  the  water  up  into  the  culverts  provided  for  the  surface  drainage. 
The  accumulator  has  a  ram  2  ft.  diameter,  with  a  stroke  of  20  ft., 
and  is  weighted  to  give  a  pressure  of  400  lbs.  per  sq.  in.  The 
ballast  box  surrounds  the  cylinder,  and  is  hung  from  a  crosshead. 
The  accumulator  is  fitted  with  a  relief  valve,  and  has  knock-off  gear 
attached  to  it,  for  stopping  the  engines  when  the  accumulator  is  at 
the  top  of  its  stroke. 


G30  ERIMCS    STEEL    PLANT.  Oct.  1881. 

The  horizontal  hydraulic  pumping  engines  were  supplied  hy 
Messrs.  Davy  Brothers.  The  steam  cylinders  are  18  in.  diameter 
and  30  in.  stroke.  The  piston-rods,  which  are  of  steel,  pass  through 
the  back  ends  of  the  cylinders  to  work  the  double-acting  pumps, 
which  are  placed  directly  behind  them.  The  pump  pistons  or  buckets 
are  6k  in.  diameter,  and  the  rams  4§  in.  diameter.  The  valves  are 
jdaced  at  one  side  of  the  pump  barrels,  and  are  arranged  for  the 
delivery  of  water  on  both  the  in  and  out  strokes  of  the  pistons. 

The  blowing  engines,  supplied  by  Messrs.  Tannett  Walker  and  Co., 
are  of  the  vertical  compound  type,  with  steam  cylinders  42  in.  and 
78  in.  diam.,  and  air-cylinders  54  in.  diam.,  with  5  ft.  stroke,  Fig.  12, 
Plate  89.  They  were  fully  described  by  Mr.  Walker  in  a  recent 
paper  read  before  the  Institution  of  Civil  Engineers.  (Proceedings, 
vol.  lxiii.,  p.  9.) 

The  blast  and  water  pressure  are  led  to  a  distributing  box,  having 
a  platform  over  it,  on  which  is  arranged  a  series  of  levers  for  working 
the  valves.  The  blast  is  carried  from  the  box  to  the  lime-infuser 
in  a  single  18  in.  main ;  although  there  are  two  blast-valves  on  the 
distributing  box,  one  for  each  converter.  On  the  other  side  of  the 
lime-infuser  the  main  is  divided  into  two  12  in.  pipes,  on  each  of 
which  there  is  a  sluice  valve.  To  prevent  the  possibility  of  the 
converters  being  turned  up  with  these  sluice  valves  shut,  there  is  a 
small  hydraulic  cylinder  fixed  over  each  to  work  it,  and  the  valves 
for  starting  these  are  on  the  distributing  box.  The  levers  for 
working  the  hydraulic  valves  have  a  cross-bar  attached  to  them, 
which  comes  in  front  of  the  blast-valve  lever;  so  that  the  act  of 
opening  the  blast-valve  would  work  the  hydraulic  valve,  should  the 
attendant  forget  to  do  so. 

As  the  lime-infuser  is  perhaps  somewhat  of  a  novelty,  a  vertical 
section  of  it  is  shown  in  Fig.  5,  Plate  87.  It  consists  of  a  wrought- 
iron  casing  A,  5  ft.  diam.  and  10  ft.  high,  placed  on  a  cast-iron  base 
or  hopper  B.  The  charging  door  C  on  the  top  is  on  a  level  with 
the  converter  platform ;  and  there  is  also  a  blast  connection  D  for 
admitting  the  pressure  into  the  top  of  the  infuser  when  charged. 
At  the  bottom  of  the  hopper  there  is  a  cylindrical  case  containing 
a  worm  E,  which  is  driven  by  a  small  pair  of  engines,  and  this 
conveys  the  lime  to  the  blast  main. 
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The  blast  for  the  cupolas  is  supplied  by  three  Root's  blowers ; 
and  the  steam  for  the  Bessemer  plant  comes  from  eight  Lancashire 
boilers,  by  Mr.  Joseph  Adamson,  30  ft.  long  by  7  ft.  diam.,  with  two 
2  ft.  9  in.  flues  in  each,  and  working  at  a  pressure  of  70  lbs.  per  sq.  in. 

Having  thus  given  a  short  description  of  the  Erimus  plant,  the 
author  now  proposes  to  notice  one  or  two  of  the  recent  systems  which 
have  been  brought  to  a  practical  test  in  connection  with  steel 
making. 

The  first  of  these  is  Mr.  A.  L.  Holley's  system  of  changing  the 
converters  without  disturbing  the  belt  or  trunnions — a  great  advantage 
when  basic  linings  are  used,  which  require  frequent  repair.  It  will 
be  seen  from  Figs.  6  and  7,  Plate  87,  that  it  consists  in  lowering  the 
converter  K  out  of  the  belt  B  by  means  of  a  hydraulic  lift  L,  on 
which  there  is  a  bogie  A.  The  converter  rests  on  this  bogie,  and  is 
carried  away  upon  it.  The  shell  of  the  converter  is  secured  to  the 
belt  B  by  wrought-iron  knees  and  cotters  C,  Fig.  6,  which  are  slacked 
back  when  it  is  to  be  changed  ;  and  there  are  also  knees  D  for 
supporting  the  converter  on  the  bogie,  Fig.  7.  This  method  of 
removing  the  converters  obviates  the  necessity  for  an  overhead  crane, 
which,  when  made  to  lift  a  10-ton  converter,  is  a  costly  and  often 
inconvenient  appliance. 

Messrs.  Thomas  and  Gilchrist  propose  to  overcome  the  necessity 
for  removing  the  converters  by  means  of  a  special  mixture  for 
relining,  which  is  thrown  or  poured  in  round  an  iron  shell  or  mould 
fixed  inside  the  converter.  This  mould  is  made  to  collapse,  so  as  to 
be  easily  removed  when  the  lining  is  finished. 

Another  invention  which  may  be  noticed,  although  not  of  such 
recent  date  as  the  above,  is  Mr.  Arthur  Cooper's  method  of  utilising 
the  waste  heat  from  the  converters,  where  the  direct  process  is  not  in 
use,  and  the  pig-iron  has  therefore  to  be  remelted.  On  this  method 
the  flame  from  the  mouth  of  the  converter  passes  into  a  chamber 
filled  with  pipes ;  and  through  these  pipes  the  blast  for  the  cupolas 
passes,  the  chamber  being  so  arranged  as  to  prevent  the  flame  from 
playing  direct  on  the  pipes.  The  temperature  of  the  blast  is  raised 
by  this  means  to  between  400°  and  500°  Fahr.     At  Messrs.  Brown 
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Baylcy  and  Dixon's  Works,  Sheffield,  where  this  system  is  adopted, 
it  has  effected  a  saving  of  25  per  cent,  in  the  quantity  of  coke  used 
for  melting  the  pig-iron. 

Before  closing  this  paper,  the  author  would  suggest  the  adoption 
of  a  marine  typo  of  hoiler,  as  a  means  of  effecting  a  saving,  hoth  in 
the  space  occupied  and  in  the  consumption  of  fuel.  The  author's  firm 
are  now  making  such  a  boiler  for  the  Barrow  Steel  Co.,  and  on  their 
recommendation  Mr.  H.  Turner's  system  has  been  adopted,  Figs.  8 
and  9,  Plate  88.  This  boiler,  occupying  a  space  of  9  ft.  by  21  ft., 
has  a  grate  surface  of  32^  sq.  ft.,  and  a  total  heating  surface  of 
1275  sq.  ft.  A  Lancashire  boiler  of  the  ordinary  type,  30  ft.  long 
by  7  ft.  diam.,  with  two  flues  2  ft.  9  in.  diam.,  has  a  grate  surface  of 
say  40  sq.  ft.,  and  a  heating  surface  of  600  sq.  ft.  only.  The  marine 
boiler  thus  has  more  than  twice  the  heating  surface  at  about  one-third 
extra  cost ;  and  it  is  expected  that  it  will  effect  a  saving  of  at  least 
1  lb.  of  coal  per  I.H.P.  per  hour. 


Discussion  on  Erimus  Steel  Plant. 

Mr.  Copeland  wished  to  add  that  the  spiegel  crane,  shown  at  N  in 
Plate  85,  had  been  disused  since  the  works  were  started,  now  three 
months  ago.  It  had  been  found  more  convenient  to  deal  with  the 
spiegel  metal  in  the  usual  way,  and  to  run  it  direct  into  the  trough  H. 
The  crane  was  therefore  not  necessary,  at  least  so  long  as  they  were 
working,  as  at  present,  with  the  acid  process,  using  hasinatite  pig,  and 
not  with  the  basic  process. 

Mr.  Benjamin  Walkkr  said  the  paper,  in  referring  to  the  ingot 
cranes,  p.  629,  stated  that  the  system  adopted  had  a  certain  amount 
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of  simplicity  about  it,  which  recommended  it.  But  from  the  section 
of  the  ingot  crane  given  in  Plate  89,  Fig.  10,  it  would  be  seen  that 
there  was  a  large  gland  at  the  bottom  and  another  at  the  top. 
Eeferring  to  the  crane  which  he  presumed  was  intended  to  be 
compared  with  it — a  crane  of  which  his  own  firm  had  made  a 
great  many — it  would  be  found  that  there  were  only  two  glands,  and 
that  both  were  in  sight,  the  middle  ram  of  the  three  being  only 
used  as  a  guide  for  the  crane.  The  gland  below  ground,  as  in 
Fig.  10,  was  undesirable,  because  it  was  not  easily  seen  and  repaired 
when  it  leaked.  Taking  the  diameters  of  the  ram,  as  given  in  the 
paper,  at  15  and  10  in.,  and  the  pressure  at  600  lbs.  per  sq.  in.,  this 
would  give  a  total  lifting  power  to  the  crane  of  26 '3  tons.  The 
paper  did  not  give  the  weight  of  the  moving  parts  of  the  crane, 
but  this  would  be  about  10  tons,  and  therefore  the  available  force 
in  the  vertical  direction  was  not  less  than  16  tons.  He  need  not 
point  out  that,  if  that  crane  were  hooked  on  to  a  light  load,  say 
4  or  5  tons,  and  it  went  on  lifting  without  a  check,  destruction 
would  be  sure  to  take  place.  Now  out  of  a  hundred  lifts  in  a 
Bessemer  pit  not  more  than  one  would  be  above  3  tons,  viz.  when 
they  changed  the  ladle,  when  it  was  about  5  tons ;  and  therefore 
the  crane  shown  by  the  author  used  a  force  of  16  tons,  when  5  tons 
would  always  be  sufficient.  Another  consequence  of  having  that 
system  of  ram  was  that  there  was  a  part  of  the  barrel  or  central 
pillar  which  was  very  small,  being  only  about  10  in.  in  diameter; 
and  that  really  was  the  measure  of  the  strength  of  the  crane. 

A  third  form  of  crane,  represented  in  Fig.  11,  Plate  89,  had 
been  referred  to  by  Mr.  Menelaus  at  a  recent  meeting  of  the  Iron  and 
Steel  Institute  (Journal,  1881,  p.  161).  His  own  firm  had  made  for 
Mr.  Menelaus  two  of  those  cranes,  about  a  year  and  a  half  ago,  and 
some  difficulty  arose  in  consequence  of  their  having  misunderstood 
the  amount  of  pressure  required.  Having  found  out  the  mistake,  they 
made  arrangements  by  which  the  difficulty  was  got  over;  and  the 
best  evidence  that  Mr.  Menelaus  approved  of  the  style  of  crane  was 
that  he  had  since  ordered  two  others.  When  a  crane  was  made  on 
that  principle,  the  central  ram  was  placed  in  constant  communication 
with  the  accumulator.     The  upward  pressure  on  that  ram  was  about 
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9  tons,  and  the  crane  weighed  altogether  about  12  tons.  Hence,  if 
the  water  were  let  out  of  the  other  two  rams,  the  crane  would  of  course 
go  down  with  a  force  of  about  3  tons.  The  smaller  rams  had  together 
an  upward  pressure  of  6  tons,  so  that  they  were  able  to  lift  this  3  tons, 
and  also  the  weight  of  the  ingot,  and  therefore  the  crane  worked  all 
day  long  with  a  power  represented  by  6  tons,  instead  of  26  tons  as  in 
the  crane  described  in  the  paper.  There  was  also  the  advantage 
that  the  barrel  of  the  crane  could  be  made  stronger,  so  that  it  was 
less  liable  to  be  broken.  His  own  preference  was  at  present  for 
the  type  of  ingot-crane  where  the  barrel  was  plain,  and  there  were 
two  sets  of  rams,  one  in  constant  communication  with  the 
accumulator  and  nearly  balancing  the  weight  of  the  crane  itself, 
and  the  other  under  the  ready  command  of  the  workman  for  lifting 
the  load.  But  his  firm  were  now  making  another  system  of  crane, 
which  he  hoped  to  have  the  honour  of  showing  to  the  members  in 
Leeds  at  their  next  summer  meeting.  It  would  use  less  water,  and 
he  thought  it  would  be  altogether  better  than  anything  they  had 
made  before.  And,  as  the  President  had  referred  to  the  intended 
meeting  at  Leeds,  he  might  mention  that  they  were  making  very 
great  efforts,  and  that  those  who  did  not  go  there  would  miss  a  great 
treat. 

With  regard  to  the  blowing  engines  referred  to  in  the  paper,  he 
might  mention  that  since  his  description  of  them  before  the 
Institution  of  Civil  Engineers  they  had  been  put  to  work.  There 
was  one  point  to  which  he  desired  again  to  refer — namely  the 
advantage  of  using  compound  engines,  where  economy  was  of  any 
importance,  instead  of  the  ordinary  non-compound  engine.  He 
had  taken  diagrams  in  cases  where  there  was  no  expansion,  and  the 
cylinders  were  altogether  unlagged  or  unclothed.  Those  diagrams 
showed  that  the  steam  entered  the  cylinder  at  about  5  or  6  lbs. 
less  pressure  than  it  had  in  the  boiler.  Now  the  first  element  in 
economy  was  to  get  the  full  boiler-pressure  into  the  steam  cylinder. 
No  economy  practically  could  be  got  out  of  the  steam  engine 
itself,  except  by  the  expansion  of  the  steam.  In  the  case  of  the 
blowing  engines  referred  to,  Fig.  12,  Plate  89,  the  steam  passed  into 
the  high-pressure  cylinder  at  about  60  lbs.  pressure,  and  came  out  of 
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the  low-pressure  cylinder  at  about  5  lbs.  above  the  atmosphere. 
That  degree  of  expansion  was  very  difficult  to  get ;  he  had  never 
been  able  to  do  it  before,  and  he  had  never  seen  it  in  any  other 
engine.  Suppose  there  was  a  boiler  pressure  of  80  lbs.,  then  with 
the  ordinary  proportions  of  high-pressure  engines  they  could  not  get 
the  steam  at  much  more  than  45  lbs.  pressure  into  the  cylinder. 
Suppose  the  cut-off  was  in  the  middle  of  the  stroke,  and  the  steam 
exhausted  into  the  atmosphere.  From  the  average  of  a  very  large 
number  of  diagrams  taken  by  himself  from  high-pressure  engines — 
some  taken  from  Mr.  Adamson's  engines,  who  had  made  a  great 
number  of  engines  of  a  very  excellent  type —  he  had  found  that  the 
steam  went  into  the  cylinder  at  about  40  lbs.  pressure,  and  into  the 
atmosphere  at  about  22  lbs.  pressure.  He  need  not  say  that  that  was 
a  very  wasteful  way  of  using  steam. 

His  firm  were  now  making  for  MM.  de  Wendel  &  Co.,  of  Hayange 
and  Joeuf,  some  blowing  engines  which  he  believed  would  be  much 
more  economical  than  anything  that  had  hitherto  been  made;  and 
several  others  were  also  on  order.  These  engines  would  work  at 
110  lbs.  pressure  of  steam,  would  use  surface  condensers,  and  would 
drive  the  air  and  circulating  pumps  by  a  separate  engine ;  and  they 
would  have  expansion-valves  in  both  the  high  and  the  low-pressure 
cylinder.  The  engines  were  constructed  to  work  at  as  low  a  boiler 
pressure  as  60  lbs.  per.  sq.  in.  above  the  atmosphere.  Taking  the 
initial  pressure  in  the  high-pressure  cylinder  at  72  lbs.  absolute, 
there  would  be  twelve  grades  of  expansion,  the  steam  going  into 
the  condenser  at  6  lbs.  pressure  above  zero. 

In  the  engines  shown,  Fig.  12,  Plate  89,  the  cranks  were  not 
quite  at  right  angles ;  the  crank  of  the  low-pressure  cylinder  led 
in  the  ordinary  way,  so  that  the  mouth  of  that  cylinder  was  open 
to  receive  the  steam  as  it  came  out  of  the  high-pressure  cylinder. 
He  was  perfectly  awai*e  however  of  the  economy  of  the  system, 
originally  proposed  by  the  President,  of  introducing  between  the 
high  and  the  low-pressure  cylinder  a  receiver  heated  with  steam; 
and  in  the  engines  making  for  MM.  de  Wendel  he  was  going  to  adopt 
that  plan,  and  introduce  between  the  high  and  low-pressure  cylinders 
what   was  commonly  called  a  "  Cowper's  hot-pot."     In  the  engines 
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shown  the  areas  of  the  cylinders  were  as  dh  to  1.  These  engines 
would  work  very  economically  if  they  were  condensing;  but  they 
were  non-condensing.  According  to  his  experience  the  results  of  the 
compound  system  were  different  when  it  was  applied  to  a  blowing  engine, 
from  what  they  were  in  the  case  of  a  mill  engine.  When  applied  to 
a  blowing  engine  it  would  save,  as  compared  with  a  non-compound 
engine,  one- third  of  the  coal.  It  would  be  seen  by  Fig.  12  that  the 
low-pressure  cylinder  was  jacketed,  and  that  the  jacket  was  made  in  two 
half  lengths,  uuited  in  the  middle  of  the  cylinder.  If  a  jacket  were 
cast  on  in  the  old  way,  all  in  a  single  length,  and  were  made  of  very 
strong  metal,  it  was  liable  to  crack  in  cooling.  Hence  for  the 
Admiralty  it  was  a  universal  plan  to  put  the  jacket  on  loose.  But 
by  the  system  shown  it  could  be  made  of  very  hard  metal,  because 
the  contraction  lengthwise  would  be  less,  being  only  that  due  to 
half  the  length  of  the  cylinder ;  or  it  might  be  divided  again  if 
thought  desirable.  On  the  old  plan,  even  if  the  workman  was  told 
to  use  good  hard  metal,  he  was  so  afraid  of  contraction  as  to  be 
tempted  to  use  soft  metal  for  his  own  protection. 

The  paper  referred  to  the  system  proposed  by  Mr.  Holley  for 
changing  the  converters.  He  had  himself  had  a  good  deal  of 
experience  in  converter  work,  and  he  did  not  think  it  was  likely  to  be 
widely  adopted.  When  engineers  had  to  deal  with  a  thing  weighing 
about  80  tons,  they  were  not  in  a  great  hurry  to  remove  it,  but  were 
more  disposed  to  try  and  patch  it  up  in  place.  Moreover,  from  the 
experience  that  had  now  been  gained  with  the  Thomas  and  Gilchrist 
process,  there  would  be  little  more  difficulty,  so  far  as  the  lining  was 
concerned,  than  with  the  old  process.  MM.  de  Wendel  lined  mainly 
with  lime  bricks,  and  found  no  difficulty  with  the  lining.  The 
system  of  placing  a  good  number  of  converters  side  by  side,  and 
all  alike,  was  in  his  own  opinion  the  best.  There  should  be  plenty 
of  converters,  and  then,  if  one  of  them  got  wrong,  they  could  easily 
repair  it  and  go  on  with  the  others. 

The  President  asked  if  Mr.  Walker  could  describe  the  mode  of 
ramming  up  the  bottoms  to  the  converters,  with  refractory  material 
mixed  with  a  little  tar,  as  now  used  in  Germany. 
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Mr.  Walker  said  that  Messrs.  Bolckow  Vaughan  and  Co.  were 
using  the  same  process,  and  in  many  cases  it  answered  very  well. 
Instead  of  the  usual  fire-clay  pipes,  surrounded  by  ganister,  in  the 
bottom  of  the  converter,  a  number  of  rods  were  planted  in  the  bottom, 
and  the  lining  rammed  round  them  ;  and  then  the  rods  were  withdrawn, 
leaving  holes  for  the  blast.  The  black  lining  was  common  lime 
mixed  with  tar,  instead  of  the  ordinary  ganister  used  with  haematite. 

At  the  end  of  the  paper  there  was  a  remark  about  the  introduction 
of  a  marine  type  of  boiler  for  steel  works.  In  his  opinion  it 
would  be  altogether  wrong,  in  cases  where  space  was  of  no 
moment  or  not  of  much  moment,  to  give  up  the  old-fashioned 
Lancashire  or  Cornish  boiler.  It  was  impossible  to  have  a  boiler 
with  a  number  of  tubes,  without  a  great  deal  more  wear  and 
tear,  and  a  much  more  complicated  arrangement,  than  with  the  old- 
fashioned  boiler.  The  result  of  his  experience  in  boilers  was  that  it 
was  best  to  have  a  single  corrugated  flue,  making  it  as  large  as 
possible,  so  as  to  get  a  large  body  of  fire ;  and  the  plainer  the  boiler 
was,  the  better.  The  great  curse  of  the  country  had  been  that  boilers 
had  been  made  at  too  low  a  price.  In  the  discussion  on  the 
quadruple  engine,  he  had  given  it  as  his  opinion  (Journal  of  the  Iron 
and  Steel  Institute,  1875,  p.  47G)  that  one  half  the  engines  and 
boilers  in  the  country  might  be  taken  out  and  replaced,  with  a 
saving  of  more  than  15  per  cent,  on  the  outlay. 

Mr.  Daniel  Adamson  would  not  have  risen  to  speak,  but  for  the 
fact  that  his  name  had  been  mentioned  by  the  last  speaker ;  who 
ought  to  have  added  to  the  information  which  he  gave  the  fact  that 
the  engines  alluded  to  were  adapted  for  a  boiler  pressure  of  only 
about  50  lbs.,  so  that  if  they  had  been  put  to  work  at  much  above 
40  lbs.  it  would  have  been  a  bad  job  for  the  user.  He  was  glad  to 
find  that  the  piston-valve,  introduced  by  himself,  had  been  adopted 
by  Mr.  Walker,  as  shown  in  Fig.  12,  Plate  89.  Its  introduction  was 
in  some  respects  unfortunate  to  himself,  for  when  he  built  the 
Bessemer  steel  works  at  Penistone  he  got  into  great  disgrace  with 
Sir  Henry  Bessemer  by  introducing  the  piston-valve ;  subsequently 
however  his  piston-valve  had  become  the  standard  one  for  the  air 
cylinders  of  Bessemer  blowing  engines. 
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He  was  glad  that  tbo  members  had  heard  Mr.  Walker's  views 
about  hydraulic  craucs,  because  be  had  been  one  of  the  largest 
makers  of  them.  He  himself  had  also  had  a  considerable  experience 
in  their  manufacture  and  use  ;  and  he  took  somewhat  the  view  of  the 
author,  that  simplicity  was  of  very  great  importance.  If,  instead 
of  having  the  dead-weight  lifting  ram,  a  ram  with  an  annular  space 
were  used,  with  a  water-tank  tower,  and  the  dead-weight  resistance 
were  thrown  back  into  the  tower,  they  would  then  accomplish  with  a 
simple  crane  all  that  could  be  got  out  of  the  dead- weight  lifting  ram 
crane,  as  the  work  done  by  the  descending  dead  weight  of  the  crane 
would  be  again  used  to  assist  the  pumping  power.  If  there  were  no 
such  system,  and  the  water  was  merely  discharged  from  the  crane 
at  the  ground  level,  the  dead-weight  lifting  ram  would  save  pressure- 
water  commensurate  with  the  dead  load  that  was  upon  it,  and  there 
would  be  an  economy  of  water  power. 

He  thought  the  author  of  the  paper  showed  great  courage  in 
stating  tbat  the  marine  type  of  boiler  was  going  to  save  1  lb.  of  coal 
per  I.H.P.  per  hour.  A  first-class  mill  engine  only  used  from  2  to 
2.^  lbs. ;  so  that  it  was  clear  that  the  boiler  referred  to  must  save 
iiearly  50  per  cent.  That  was  a  most  extraordinary  result  to  follow 
from  merely  a  slight  increase  of  surface.  In  respect  to  the  Lancashire 
boiler,  he  ought  to  correct  a  serious  mistake  made  by  the  author 
on  p.  632.  Its  heating  surface,  for  the  size  of  boiler  there  given, 
was  not  600  sq.  ft.,  but  840  sq.  ft. ;  and  instead  of  a  grate  surface 
of  40  sq.  ft.,  it  was  usually  worked  in  the  Lancashire  district  with 
a  grate  surface  of  33  sq.  ft.  On  that  basis  the  Lancashire  boiler 
had  about  14  sq.  ft.  heating  surface  per  H.P.,  and  0 ;  55  sq.  ft.  grate 
surface  per  H.P.  The  author  was  thus  going  to  obtain  this  wonderful 
result  with  a  grate  surface  of  32^  sq.  ft.,  or  J  sq.  ft.  less  than 
that  of  the  Lancashire  boiler.  Now,  if  he  had  a  smaller  grate, 
and  could  therefore  generate  a  less  quantity  of  heat,  how  was  he 
subsequently  to  gather  heat  out  of  notbing  and  save  50  per  cent.? 
The  thing  was  impossible.  If  he  wanted  to  do  more  work,  he  must 
have  grate  surface  commensurate  ;  and  then  it  was  still  a  question 
whether  the  heating  surface  of  the  tubular  boiler  was  really  the 
better  of  the  two.     The  'impurities  from  the  fire,  wet  coal,  negligent 
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firing,  and  so  on,  would  all  contribute  to  choke  up  the  tubes  and 
reduce  their  heat-conducting  power.  The  same  did  not  apply  to 
the  Lancashire  boiler,  because  any  soot  or  dirt  adhering  to  the  flue 
was  burned  off  again  by  the  intensity  of  the  fire  itself.  In  cases 
where  the  marine  boiler  had  been  adopted  for  stationary  purposes, 
the  evaj)oraiive  power  was  so  reduced,  first  from  the  bad  conducting 
power  of  the  soot,  and  secondly  from  the  smaller  area  of  smoke-way, 
that,  instead  of  better  results  being  obtained,  they  could  not  get  as 
good  results  with  the  same  amount  of  fuel.  With  a  very  large 
heating  surface,  as  in  the  marine  type  of  boiler,  a  forced  draught 
was  needed  to  bring  up  the  intensity  of  combustion,  as  in  a 
locomotive.  The  locomotive,  when  it  was  standing  still,  was  a  very 
useless  steam-generator,  and  a  very  bad  evaporator ;  but  when  it  was 
at  full  speed,  and  thus  sending  a  tremendous  current  of  air  through 
the  fire-box,  a  great  deal  of  water  was  evaporated,  and  all  the  heating 
surface  was  turned  to  account. 

"With  regard  to  the  cost,  according  to  his  view  and  according 
to  the  Board  of  Trade  conditions,  it  was  necessary  to  allow 
20  sq.  ft.  of  heating  surface  per  H.P.  in  the  marine  type  of 
boiler,  against  14  sq.  ft.,  as  previously  named,  in  the  Lancashire 
boiler.  On  that  basis  the  marine  boiler  described  on  p.  632  had 
only  63f  H.P.,  as  against  the  60  H.P.  for  the  Lancashire  boiler 
compared  with  it.  But  it  was  said  that  the  cost  of  the  former 
was  a  third  more  than  that  of  the  latter.  That  was  a  very 
unfortunate  condition  of  things  for  the  more  expensive  structure. 
He  should  altogether  condemn  the  application,  for  ordinary  purposes, 
of  the  complex  marine  boiler,  not  only  on  the  grounds  he  had 
stated,  but  because  of  the  great  variation  in  the  water  available 
throughout  the  various  geological  areas  of  the  country.  There  were 
some  waters  that  wTere  very  dangerous  to  use,  from  sediment  or 
chemical  composition ;  and  hence  there  were  very  few  places  in  the 
kingdom  where  a  marine  boiler  could  be  ahvays  used  wdth  safety ; 
while  without  an  enormous  chimney  its  large  heating  surface  could 
not  be  brought  to  bear. 

3  c 
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Mr.  Charles  Cochrane  said  it  seemed  to  him  that  they  had 
been  landed  in  a  discussion,  not  upon  the  question  of  steel-making, 
but  upon  the  respective  merits  of  boilers ;  and  he  could  not  help 
saying  that  one  class  of  boiler,  suitable  for  iron  or  steel  works, 
had  been  altogether  ignored,  namely  the  Eoot  water-tube  boiler. 
Whatever  advantages  a  marine  boiler  might  possess,  in  regard  to  the 
use  of  tubes  internally  heated,  the  simple  expedient  of  making  the 
tubes  contain  the  water,  and  heating  them  outside,  would  get  rid  of 
all  the  liability  to  explosion,  which  necessarily  attached  to  the 
marine  class  of  boiler  as  well  as  to  the  Lancashire  boiler.  Some 
years  ago  (Proceedings  1871,  p.  229)  he  had  given  a  description 
of  the  boiler  to  which  he  referred,  and  it  had  since  increased  in 
favour  with  his  firm ;  indeed  they  now  had  no  other  boilers  than 
the  Eoot  water-tube  boilers  at  the  Ormesby  Iron  Works,  for  their 
blast-furnace  arrangements.  But,  whatever  class  of  boiler  was  used, 
it  appeared  to  him  that  Mr.  Strong's  purifier  (Proceedings  1881, 
p.  539)  would  deliver  the  water  in  a  pure  state,  and  so  get  rid  of  all 
the  difficulty  with  regard  to  bad  water  referred  to  by  Mr.  Adamson. 

Mr.  T.  E.  Crampton  thought  the  time  had  nearly  come  when  they 
ou^ht  to  ignore  the  difficulty  arising  from  impure  water.  There  were 
sufficient  appliances  by  which  the  water  could  be  made  good.  It  was 
always  an  economy  to  have  it  pure  ;  and  if  persons  would  only  take 
the  trouble  and  go  to  the  expense,  almost  any  kind  of  water  and 
boiler  might  be  used. 

Mr.  Jeremiah  Head  observed  that  the  paper  had  a  special  interest 
as  affording  an  example  of  the  conversion  of  ironworks  into  steelworks  ; 
and  that  perhaps  was  a  line  which  ought  to  be  followed  out  in  the 
discussion.  The  Erimus  Iron  Works,  as  they  were  formerly  called, 
were  situated  near  Stockton-on-Tees,  and  had  been  put  up  to  work 
the  Danks  process  of  puddling.  That  was  a  failure,  and  therefore  the 
works  had  been  standing  still  for  several  years.  Those  who  lived  in 
the  locality  were  much  gratified  to  find  that  they  were  now  going,  and 
turning  out  a  produce  of  something  between  600  and  700  tons  of  steel 
rails  per  week.     That  was  one  of  the  examples  of  a  great  change  that 


Oct.  1881.  ERIMUS    STEEL    PLANT.  641 

had  been  going  cm  in  the  metallurgy  of  the  country;  and  it  was 
gradually  becoming  more  and  more  easy  to  carry  out  that  change. 
The  works  mentioned  were  not  working  the  basic  process  at  all,  but 
the  acid  process,  and  for  that  purpose  they  were  obliged  to  have 
haematite  pig  iron.  Several  years  ago  it  would  have  been  impossible 
for  them  to  get  the  haematite  pig  iron  without  going  to  Cumberland 
for  it ;  but  now,  owing  to  the  importation  of  Spanish  ore  into  the 
Cleveland  district,  there  were  something  like  thirty  blast  furnaces 
making  haematite  iron  in  the  North  Eastern  district.  That  rendered 
it  possible  for  works  of  this  sort  to  make  the  rails  by  the  acid 
process  at  a  profit,  while  it  would  have  been  quite  impossible  to  do 
so  some  years  since.  But  they  were  also  looking  forward  to  the 
time  when  the  basic  process  might  even  supersede  the  acid  process. 

It  was  a  curious  thing  that,  whereas  the  Cleveland  district,  by 
which  he  meant  the  county  of  Durham  and  North  Yorkshire,  used  to 
roll  a  large  proportion  of  the  iron  rails  made  in  the  whole  of  the 
country,  there  were  now  hardly  any  iron  rails  made  there  at  all,  but 
all  were  made  of  steel.  Several  years  ago  there  were  no  steelworks 
of  any  sort,  except  those  at  Wolsingham  in  the  county  of  Durham. 
Now  he  believed  there  were  eight  steelworks  in  the  county  of 
Durham  and  North  Yorkshire,  exclusively  occupied  in  making  steel 
rails  and  steel  castings. 

Of  course  steel  makers  were  looking  forward  to  supersede  the 
makers  of  iron,  who  now  mainly  existed  to  manufacture  iron 
for  boilers,  for  shipbuilding,  and  for  general  merchant  purposes. 
Notwithstanding  tliat  rails  were  now  entirely,  or  almost  entirely, 
made  of  steel,  there  was  still  as  large  a  quantity  of  iron  made  as  ever 
there  had  been.  Including  bars  and  angles,  there  were  about  600,000 
tons  of  iron  made  every  year  in  the  North  Eastern  district.  The 
question  wras,  when  would  that  iron  be  superseded  by  steel,  and  in 
what  way.  Of  course  the  great  bulk  of  it  went  for  shipbuilding 
purposes  ;  and  as  yet  for  shipbuilding  purposes  the  steel  made  by  the 
Siemens  process  was  almost  the  only  steel  which  was  used.  One  of 
the  eight  steelworks  which  he  had  mentioned  was  however  that  of  the 
the  North  Eastern  Steel  Company,  now  being  built  at  Middlesbrough, 
and  was  intended  to  make  tyres,  blooms,  and  ingots,  by  the  Bessemer 
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basic  process,  to  be  finished  up  in  the  different  ironworks;  and  in 
that  way  if  possible  to  forward  the  change  from  iron  to  steel,  which 
many  persons  believed  was  impending.  For  the  present  he  thought 
that  iron  shipbuilding  would  be  mainly  carried  on  in  the  North 
Eastern  district,  and  steel  shipbuilding  at  Glasgow,  where  steel 
was  largely  made  by  the  Siemens  process.  If  all  the  ironworks  now 
in  the  Cleveland  district  were  gradually  to  be  turned  into  steelworks, 
it  was  probable  that  they  would  still  have  to  use  Cleveland  iron,  and, 
as  far  as  he  knew  at  present,  they  would  have  to  adopt  the  basic 
process.  That  process  was  believed  to  be  fully  worked  out  as  far  as 
the  mechanical  and  chemical  arrangements  were  concerned,  but  the 
commercial  arrangements  had  not  been  very  fully  worked  out :  at  all 
events,  if  they  had  been,  they  had  not  been  made  public.  These  were 
considerations  which  might  not  be  out  of  place,  as  connected  with 
the  conversion  of  ironworks  into  steelworks  in  the  North  of 
England. 

Mr.  I.  Lowthian  Bell  said  Mr.  Head  appeared  to  congratulate 
himself  that  those  ironworks  which  might  fall  into  desuetude,  on 
account  of  iron  being  superseded  by  steel,  had  yet  a  glorious  future 
before  them,  owing  to  the  ease  with  which  it  was  possible  to  convert 
an  iron  rolling-mill  into  a  steel  rolling-mill.  He  feared  however 
there  was  a  great  fallacy  in  that  view.  He  did  not  himself  know  of 
many  cases  wdiere  an  iron  rail-rolling  mill  had  been  profitably  applied 
to  the  rolling  of  steel.  They  had  not  far  to  go  to  see  the  reason. 
Iron  was  rolled  at  a  high  temperature  ;  it  must  have  a  welding  heat. 
But  it  was  very  different  with  steel,  for  the  colder  steel  was  rolled, 
within  limits,  the  better ;  and  hence  it  required  a  much  greater 
power  proportionately  to  roll  it.  At  one  of  the  ironworks  at 
Darlington,  where  an  iron-rail  mill  had  recently  been  converted  into 
a  steel  mill,  having  all  the  known  improvements,  the  results  had  not 
been  satisfactory  so  far  as  the  stability  of  the  machinery  was 
concerned. 

With  regard  to  the  supersession  of  the  acid  process  by  the  basic, 
that  must  depend  in  each  case  on  the  relative  cost  of  haematite  iron 
and  common  iron.     In  Germany,  where  the  cost  of  making  haematite 
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iron — that  is,  iron  sufficiently  free  from  phosphorus  to  be  treated 
by  the  acid  process — was  much  higher  than  the  cost  of  iron  which 
required  treatment  by  the  basic  process,  they  had  no  difficulty  in 
deciding ;  but  the  matter  became  more  complicated,  when  the 
difference  between  the  cost  of  one  pig-iron  and  the  other  was  so  small 
as  it  was  in  some  places.  He  agreed  however  with  Mr.  Head  that 
in  all  probability  the  basic  mode  of  manufacture  would  be  gradually 
extended ;  indeed,  he  was  not  quite  sure  whether,  even  when  it  was 
wished  to  produce  a  substance  equivalent  to  malleable  iron  so  far  as 
its  chemical  constitution  was  concerned,  the  pneumatic  process  in 
some  form  or  other  would  not  soon  prove  the  easiest  way  of  producing 
it.  It  was  clear  that  all  that  was  required,  in  converting  cast  iron 
into  malleable  iron,  was  the  freeing  of  the  cast  iron  from  its  associated 
impurities — carbon,  silicon,  and  phosphorus.  Whether  this  was  done 
in  one  way  or  another  might  probably  be  found  to  be  a  matter  of 
indifference.  It  was  clear  that  the  exposure  of  the  iron  to  a 
deoxidising  influence  could  not  be  so  rapidly  and  therefore  so 
economically  done  in  a  puddling  furnace,  as  it  could  be  in  a  Bessemer 
converter. 

With  regard  to  what  had  fallen  from  Mr.  Cochrane  about  the 
advantages  of  the  Boot  boiler,  he  was  afraid  there  were  great  diversities 
of  opinion  in  Cleveland  on  that  subject.  His  own  firm  used  the 
simplest  possible  kind  of  boiler,  one  which  might,  no  doubt,  after  what 
they  had  heard  to-day,  be  called  a  somewhat  unphilosophical  sort  of 
boiler.  It  was  a  plain  cylindrical  boiler,  of  75  ft.  total  length,  but 
divided  into  two  half  lengths,  communicating  by  a  U  tube  placed 
vertically,  which  prevented  all  difficulty  in  connection  with  the 
curvature  of  the  boiler  when  unequally  heated.  Such  boilers  had  a  great 
advantage  in  sending  away  the  products  of  combustion  cooled  down 
to  an  extent  rarely  attained  in  boilers  in  that  district.  Of  course  in 
every  boiler  it  was  of  the  utmost  importance  to  deprive  the  escaping 
gases  of  as  much  heat  as  possible  before  they  went  up  the  chimney. 
That  was  of  greatly  increased  importance  at  his  own  works,  because 
they  were  there  using  a  gaseous  fuel,  with  probably  70  per  cent, 
of  inert  matter  in  the  form  of  nitrogen  &c.  No  heating  effect  from 
combustion  was  produced  by  that  matter,  and  therefore  it  became 
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essential  to  retain  the  products  of  combustion  as  long  as  possible  in 
contact  with  the  boiler.  They  had  found  the  long  boiler  system 
to  be  a  very  economical  one.  He  was  afraid  that  in  the  Eoot  boiler, 
however  great  the  heating  surface  might  be,  the  distance  between 
the  fireplace  and  the  chimney  was  so  short  that  there  must  inevitably 
be  an  enormous  loss  of  heat.  He  very  much  questioned  whether 
such  boilers  worked  more  economically  than  those  he  referred  to. 
They  were  working  at  the  Clarence  Iron  Works,  Middlesbrough,  with 
high  pressure  and  no  condensation  in  the  engines ;  and  yet  the  blast 
furnaces  were  quite  able  to  heat  all  the  blast,  raise  all  the  steam, 
and  have  a  good  deal  to  spare. 

The  temperature  of  the  products  of  combustion  escaping  from 
the  long  boilers  of  course  varied  a  good  deal,  .but  the  limits  would 
be  between  500°  and  800°  Fahr.  Just  after  the  boilers  had  been 
cleaned,  so  that  the  actual  surface  of  the  iron  was  exposed  to  the 
gases,  the  absorption  of  heat  was  very  rapid  and  complete ;  in  fact 
they  scarcely  let  more  heat  go  up  the  chimney  than  was  required 
for  the  production  of  the  draught  itself.  There  was  a  great  fallacy 
often  entertained  in  connection  with  the  temperature  at  which  gases 
escaped :  namely  that  the  hotter  the  gas  going  into  the  chimney, 
the  more  powerful  would  be  the  draught.  But  M.  Peclet  had 
demonstrated,  in  practice  as  well  as  on  mathematical  grounds,  that  a 
temperature  of  about  500°  Fahr.  was  that  which  gave  a  maximum 
draught.  The  boilers  afterwards  got  coated  with  what  in  the 
Cleveland  district  was  called  "  fume,"  which  was  a  very  bad  conductor 
of  heat ;  and  then  the  temperature  of  the  chimney  gases  rose  to  700° 
or  800",  and  sometimes  to  a  red  heat.  But,  as  a  rule,  at  the  end  of  the 
.flues,  where  the  gases  left  the  boiler,  there  was  no  sign  of  redness 
at  all. 

Mr.  P.  D.  Bennett  said  Mr.  Walker,  in  the  course  of  his  remarks, 
threw  out  the  idea  that  the  better  the  quality  of  cast  iron,  the  more 
likely  it  was  to  crack  in  cooling.  During  an  experience  of  many 
years  in  connection  with  castings,  he  (Mr.  Bennett)  had  found  an 
entirely  opposite  result.  In  making  castings,  unless  when  he  was 
driven  sometimes  to  use,  for  special  reasons,  slightly  inferior  qualities 
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of  metal,  he  preferred  to  resort  to  tlie  very  best  qualities  he  could 
get.  The  best  qualities  made  tbe  best  castings;  and  the  better  the 
quality,  the  less  liable  it  was  to  crack. 

Mr.  Walker  asked  permission  to  add  a  few  words  in  explanation. 
Some  few  years  ago  he  was  called  upon  to  make  some  very  large 
valves  for  letting  water  out  of  some  docks.  They  were  to  be  made 
of  the  best  metal,  namely  Blaenavon,  Pontypool,  and  a  cold-blast 
Staffordshire  pig;  but,  when  the  work  was  undertaken,  he  pointed 
out  that  large  flat  surfaces  of  such  metal  were  very  likely  to  crack. 
The  mixture  was  tried  however,  the  cost  being  a  matter  of  no  moment ; 
but  the  attempt  was  unsuccessful.  He  then  made  another  attempt, 
but  he  used  three  of  the  softest  Scotch  pigs  he  could  get ;  and  the 
valves  so  made  were  at  work  to  the  present  day.  A  high  quality  of 
hard  cylinder  metal  was  very  much  more  likely  to  crack  by 
contraction,  when  there  was  a  draw  upon  it,  than  soft  metal  was. 
As  a  girder,  or  to  carry  a  load,  the  better  the  metal  the  more  it 
would  carry ;  but  his  experience  certainly  was  that  high  qualities 
of  cold-blast  iron  were  \ery  liable  to  crack. 

The  President  wished  to  add  one  or  two  words  with  regard  to 
the  discussion  upon  tubular  boilers,  as  against  Lancashire  or  Cornish 
boilers.  There  were  two  points  to  guide  an  engineer  as  to  whether 
he  would  use  a  multitubular  boiler,  or  a  single  or  double-flued  boiler. 
The  first  question  was  whether  he  wished  to  have  a  quiet,  safe, 
comfortably-working  boiler,  that  would  not  frighten  anybody  by  the 
water  running  low ;  and  the  next  was  whether  he  meant  to  take  the 
trouble  to  clean  out  the  tubes  often ;  because,  if  he  did  not,  he  had 
better  not  have  a  multitubular  boiler  at  all.  There  were  many  of 
that  class  which  were  working  satisfactorily ;  but  for  a  thoroughly 
good  working  servant  he  preferred  the  Lancashire  boiler. 

With  regard  to  the  power  required  for  rolling  iron  and  st2el, 
some  experiments  had  been  recently  made  in  Germany  (Proc.  Inst. 
C.  E.,  vol.  Ixv.,  p.  441),  from  which  it  appeared  that  it  took  three 
times  the  power  to  roll  steel  that  it  did  to  roll  the  same  section  in 
iron,  thus  confirming  Mr.  Bell's  views.     Reference  had  been  made  to 
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the  new  steel  works  that  were  being  put  np  for  various  purposes ; 
and  at  the  risk  of  repeating  an  old  observation,  he  desired  to  take 
the  opportunity  of  saying  a  word  again  in  favour  of  steel  sleepers. 
The  substitution  of  steel  for  iron  was  good ;  but  the  substitution  of 
steel  for  wood  was  still  better.  If,  instead  of  paying  for  wood 
sleepers  from  abroad  as  they  had  done,  Englishmen  made  the  sleepers 
themselves,  the  demand  for  steel  would  be  doubled  and  better  sleepers 
would  be  made ;  they  would  last  longer  and  give  more  satisfaction. 
Some  70,000  tons  of  iron  and  steel  sleepers  had  been  used  in 
Germany ;  and  he  did  not  see  why  the  same  thing  could  not  be  done 
in  England.  Longitudinal  sleepers  had  been  extensively  tried,  but 
cross  sleepers  were  preferred  ;  they  were  the  cheapest  and  lasted  the 
longest. 

Mr.  Copeland,  in  reply,  said  Mr.  Walker  appeared  to  think  that 
the  paper  had  referred  only  to  his  own  crane  in  speaking  of  the 
advantages  of  simplicity ;  but  it  referred  in  reality  to  two  or  three 
different  kinds  of  crane.  There  was  one  point  however  to  which 
he  desired  to  refer,  bearing  on  the  question  of  the  undoubtedly 
economical  three-cylinder  cranes.  Take  the  case  of  lowering  a  light 
load  of  4  tons  placed  at  the  end  of  the  jib,  and  suppose  the  tail  of 
the  jib  to  be  exactly  in  line  with  the  cylinders  A,  B,  C,  as  in  Fig.  11, 
Plate  89,  and  that  A  was  the  cylinder  open  to  the  accumulator; 
then  the  weight  hanging  on  the  end  of  the  jib  was  pulling  the  jib 
down  on  the  one  side,  and  the  cylinder  open  to  the  accumulator 
was  forcing  it  up  on  the  opposite  side.  He  thought  that  tended 
to  throw  a  good  deal  of  friction  on  the  centre  ram  or  guide ;  and 
the  effect  would  not  be  much  less  in  any  other  position,  while  one 
ram  was  out  of  use.  With  regard  to  the  weights,  the  specified  pressure 
on  the  rams  was  400  lbs.  per  sq.  in.,  not  600  lbs.  as  assumed  by 
Mr.  Walker ;  so  that  the  area  had  to  be  made  large  on  that  account. 
The  weight  of  the  part  of  the  crane  that  was  lifted  was  about  7  tons 
10  cwt.,  not  12  tons. 

With  res])ect  to  Mr.  Holley's  system  of  removing  the  converter 
for  lining,  at  the  time  when  the  paper  was  written,  before  the  works 
were  started,  the  basic  linings  were  found  to  be  giving  much  trouble ; 
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and  lie  therefore  thought  it  was  desirable  to  mention  a  system  by 
which  the  converters  might  be  quickly  changed. 

Mr.  Walker  seemed  to  recommend  great  economy  in  the  engine, 
but  not  to  think  the  same  was  necessary  in  the  boiler.  The  Turner 
boilers  referred  to  had  however  worked  with  marine  engines  at 
about  1^-  lb.  of  coal  per  I.H.P,  per  hour.*  On  the  other  hand,  people 
did  not  always  get  at  the  truth  about  consumption,  and  many  boilers 
that  were  supposed  to  be  running  at  2^  lbs.  were  really  running  at 
3i  or  4  lbs.  per  I.H.P.  per  hour ;  so  that  a  saving  of  1  lb.,  as  suggested 
in  the  paper,  was  by  no  means  impossible.  He  could  not  understand 
the  Lancashire  boiler  developing  1  H.P.  for  14  sq.  ft.  of  grate  surface, 
when  a  boiler  of  the  most  economical  kind,  such  as  Turner's,  required 
17.  The  ordinary  Turner  boiler  had  been  made  for  a  marine  funnel, 
which  would  be  about  40  ft.  high ;  but  the  one  erected  at  Barrow 
was  connected  to  a  chimney  stack  250  ft.  high.  He  thought  also 
that  a  boiler  of  that  type  got  more  value  out  of  the  coal  than  the 
ordinary  type  of  Lancashire  boiler.  Lately  the  Barrow  Shipbuilding 
Company  had  dispensed  with  Lancashire  boilers,  and  were  using  the 
ordinary  type  of  marine  boilers,  and  they  had  thus  effected  a  saving 
of  20  per  cent,  in  coal.  The  Midland  Company  at  Derby  had 
adopted  locomotive  boilers — another  type  of  tubular  boiler — which 
they  found  more  economical  in  the  long  run  than  the  ordinary  type 
of  stationary  boiler.  With  regard  to  Mr.  Cochrane's  remarks,  it 
was  singular  that  the  Turner  boiler  referred  to  was  ordered  to 
replace  one  of  the  water-tube  boilers — not  lioot's,  but  a  similar  one  ; 
and  the  particular  form  of  the  Turner  boiler  was  selected  because 
it  fitted  into  the  place  that  the  other  one  had  occupied. 

Perhaps  at  Barrow  they  were  rather  apt  to  overlook  the  objection 
that  had  been  raised  as  to  quality  of  water,  because  they  had  there 
some  of  the  best  water  in  England,  and  were  never  troubled  with 
any  sediment  or  scaling. 

*  Mr.  Turner  has  since  communicated  to  the  Secretary  the  results  of  the 
performance  of  his  boilers  during  the  trial  trip  of  the  steamship  Armathwaite. 
The  trial  lasted  five  hours ;  the  coal  was  carefully  measured,  and  the  total 
quantity  consumed  was  38  cwts. ;  the  mean  indicated  horse  power  was  GSO ; 
hence  the  coal  burnt  per  I.H.P.  per  hour  was  l-35  lb. 
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Mr.  Head  had  mentioned  that  the  weekly  output  at  the  Erimus 
works  was  700  tous  of  steel  rails.  The  steel  plant  had  heeu  made  for 
1,000  tons,  hut  the  milis  had  heeu  overpowered  already  hy  the  output 
from  the  converters — thus  confirming  Mr.  Bell's  statement.  The 
mills  were  originally  put  down  for  70-lbs.  iron  rails,  but  were  only 
fit  for  40-lbs.  steel  rails.  As  to  the  temperature  at  which  steel 
was  rolled,  he  thought  it  was  generally  acknowledged  that,  if  the 
steel  was  allowed  to  get  cold,  immense  power  was  required  to 
finish  the  rails.  The  power  required  seemed  to  increase  about  as 
the  cube  of  the  difference  in  temperature  between  the  steel  bloom 
and  the  finished  rail  :  so  that,  although  such  rails  might  be  better 
in  the  long  run  than  those  rolled  at  a  higher  temperature,  they  were 
a  good  deal  more  costly  to  make. 

Mr.  Bell  asked  leave  to  say  that  he  had  simply  mentioned  as 
a  matter  of  fact  that  steel  rails  were  rolled  at  a  lower  temperature 
than  iron,  and  so  required  much  more  power.  At  the  same  time  it 
should  be  remembered  tbafc  steel  rails  were  rolled  so  quickly,  that 
they  developed  a  great  amount  of  heat  in  the  very  process  of  rolling. 


Oct.  1881.  G49 


OX    COMPRESSED-AIR   ENGINES    FOR    TRAMWAYS. 


By  Me.  W.  D.  SCOTT-MOXCRIEFF,  of  Loxdox. 


The  theoretical  laws  which  apply  to  the  use  of  Compressed  Air  as 
a  motive  power  ore  now  so  well  understood  that  any  discussion  of  them 
in  this  place  is  unnecessary.  Their  application  to  practice  however 
is  often  attended  with  considerable  difficulty ;  and  some  account  of 
the  writer's  experience  in  the  matter,  which  has  been  large,  may 
perhaps  be  interesting. 

It  seems  desirable  to  state  at  the  outset  that  compressed  air  should 
be  adopted  for  Tramways  in  those  cases,  and  in  those  cases  only,  in 
lohich  it  is  found  to  be  the  cheapest  available  power.  Although  this 
remark  appears  to  be  a  truism,  and  is  equally  applicable  to  water- 
power,  steam-power,  or  any  other  form  of  energy,  yet  it  is  one  that  is 
continually  overlooked  in  practice.  One  set  of  persons  persistently 
look  to  the  use  of  steam-power  in  cases  where  it  is  not  even  available, 
while  others  look  to  compressed  air  in  cases  where  it  is  available  but  not 
economical.  But  taking  this  proposition  as  a  starting-point,  it  becomes 
the  duty  of  an  engineer  to  study  first  of  all  the  economy  of  the  motive 
power  actually  in  use,  that  is,  in  the  case  of  the  great  majority  of 
tramway  lines,  the  economy  of  horse  traction.  Having  satisfied  himself 
that  other  kinds  of  motive  power  would  be  cheaper,  if  they  could  be 
applied,  his  next  duty  is  to  select  those  kinds  for  comparison  which 
are  at  once  economical  and  also  available.  The  most  familiar  forms 
of  force,  such  as  wind  or  water  power,  are  not  available ;  and  the 
force  of  steam  would  probably  occur  to  the  minds  of  most  people 
as  the  next  on  the  list.  It  is  needless  to  refer  to  the  great  expenditure 
of  money  that  has  been  going  on  for  many  years,  in  the  endeavour  to 
prove  that  steam-power  is  the  most  economical  force  available  for 
the  propulsion  of  tramcars.  But  even  in  1873,  when  the  writer 
first  began  seriously  to  turn  his  attention  to  the  subject,  he  made 
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up  hi;:  mind  that  steam  was  not  available  in  crowded  thoroughfares ; 
and  before  long  he  became  convinced  that,  even  if  it  were  available, 
it  was  not  so  economical  as  compressed  air  for  this  especial  purpose. 

The  reasons  which  led  to  this  opinion  are  as  follows.  Firstly, 
the  fact  that  the  generation  of  energy  in  the  steam-engine  takes 
place  at  high  temperatures,  and  under  conditions  of  excessive  wear 
and  tear,  led  him  to  believe  that  the  depreciation  upon  a  simple 
type  of  stationary  boiler,  together  with  the  air-receivers  in  a  self- 
moving  car,  would  be  much  less  than  on  a  locomotive  engine.  This, 
he  believes,  has  been  fully  borne  out  by  the  experience  of  those  who 
have  contracted  for  hauling  by  steam-power  upon  tramways.  The 
maintenance  and  repair  of  a  properly  constructed  air-receiver  is  amply 
covered  by  an  allowance  of  5  per  cent,  per  annum.  On  the  other  hand 
20  per  cent,  would  be  a  somewhat  sanguine  allowance  for  renewals 
and  repair  upon  the  boiler  of  a  small  tramway  locomotive  ;  probably 
the  experience  of  members  of  this  Institution  will  not  place  the 
estimate  at  a  lower  figure.  Secondly,  the  strong  point  of  the  steam 
locomotive  is  that  it  converts  the  heat  of  the  furnace  directly  into 
the  work  necessary  for  the  propulsion  of  vehicles.  But  the  writer  is 
by  no  means  sure  that  even  in  this  respect  the  economy  is  greater 
than  with  air.  His  reasons  for  this  doubt  are  twofold.  First,  the  cost 
per  ton  of  fuel  available  for  use  in  a  large  stationary  boiler  may  be 
taken  roughly  at  half  that  of  the  fuel  which  it  is  necessary  to  use 
in  a  boiler  passing  through  crowded  thoroughfares.  Supposing  then 
that  the  proportion  of  the  power  from  the  stationary  boiler  available 
for  actually  propelling  the  vehicle  is  only  half  that  from  the 
locomotive,  if  the  cost  of  the  fuel  is  also  half,  the  coal  account  of  the 
rival  systems  will  balance.  But  secondly,  if  the  character  of  the  two 
classes  of  engines  be  considered,  it  will  then  be  found  that  the  balance 
is  in  favour  of  compressed  air.  If  a  small  steam  locomotive  burns 
per  I.H.P.  per  hour  5  lbs.  of  fuel  at  20s.  per  ton,  and  the  stationary 
engine  burns  only  2^  lbs.  at  10s.  per  ton,  then  not  only  is  the 
loss  upon  the  use  of  compressed  air  compensated,  but  a  large  margin 
is  secured  in  its  favour.  With  regard  to  the  fairness  of  these  figures, 
ihe  writer  is  not  able  to  say  whether  5  lbs.  of  coal  per  I.H.P.  per 
hour,  costing  on  the  average  20s.  per  ton,  is  a  fair  estimate  or  not  for  a 
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steam  tramway  engine.  From  his  own  experience  however  Le  is  able 
to  state  that  50  per  cent,  of  the  work  done  by  the  stationary 
compressing  engine  ought  to  be  available  for  work  in  a  compressed- 
air  engine.  Again,  a  high-class  stationary  engine  on  a  large  scale 
can  undoubtedly  be  worked  at  an  expenditure  of  2^  lbs.  of  coal  per 
I.H.P.  per  hour  ;  and  10s.  per  ton  is  not  too  low  an  average  to  take, 
at  least  at  present,  as  the  price  of  furnace  coal  in  ordinary  situations 
where  tramways  are  used. 

An  engineer  using  steam  as  a  tractive  force  upon  tramways  is 
troubled  with  three  standing  difficulties ; — first,  the  products  of 
combustion ;  secondly,  the  escape  of  visible  vapour ;  and  lastly,  the 
alternative  difficulty,  either  of  a  separate  engine  occupying  space  in 
the  streets,  or  of  a  combined  engine  and  car,  causing  annoyance  to 
the  passengers  from  smell  and  dirt.  With  regard  to  the  first 
difficulty,  even  if  the  products  of  combustion  may  be  disguised  or 
ameliorated,  it  is  impossible  to  ignore  the  fact  of  their  existence. 
So  long  as  there  is  a  chimney  at  all,  there  is  sure  to  be  something 
coming  out  of  it.  With  regard  to  the  next  difficulty,  or  the  escape  of 
visible  vapour,  it  may  be  admitted  that  more  complete  success  has 
attended  the  efforts  that  have  been  made  to  get  rid  of  it  than  at  first 
there  was  reason  to  expect.  But  however  successful  these  may  be, 
escaping  steam  must  still  remain,  at  least  in  the  form  of  a  complication 
requiring  some  separate  device  to  suppress  it.  If  condensation  is 
adopted,  extra  weight  becomes  necessary  in  the  form  of  water  ;  and 
this  is  a  serious  objection  in  itself.  Other  systems,  such  as  rendering 
the  aqueous  vapour  invisible  by  passing  it  through  the  furnace, 
cannot  be  looked  upon  as  proof  against  such  a  contingency  as 
careless  stoking.  In  fact  the  vapour,  which  in  the  case  of  ordinary 
locomotives  is  not  objectionable,  is  a  real  source  of  trouble  when  it 
comes  to  be  dealt  with  in  streets.  The  last  difficulty  with  regard  to 
steam  may  be  spoken  of  as  a  dilemma.  There  is  great  objection  on 
the  one  hand  to  having  the  available  room  in  a  crowded  thoroughfare 
occupied  by  a  separate  locomotive,  in  addition  to  the  space  taken  up 
by  an  ordinary  street  tramcar,  which  is  of  an  exceptional  length  in 
itself  as  compared  with  other  kinds  of  carriages.  This  may  be  not 
unfairly  likened  to  the  case  of  a  vessel  being  towed  by  another  vessel  in  a 
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crowded  channel.  But  besides  the  objection  ou  tbe  score  of  occupying 
excessive  space,  there  is  the  additional  difficulty  of  shunting  at  the  ends 
df  the  journej'.  In  many  situations  such  an  operation  would  become 
an  intolerable  obstruction  to  the  ordinary  traffic  of  the  street.  At 
such  a  terminus  as  the  one  in  Hampstead  Iioad,  London,  abutting  on 
the  Euston  Road,  the  shunting  of  tramway  engines  would  probably 
be  altogether  impracticable.  "With  regard  to  the  alternative  of  having 
a  steam-engine  and  car  self-contained,  the  writer  is  convinced  that 
such  an  arrangement  will  never  be  popular.  For  these  reasons  ho 
concludes  that  steam  is  neither  the  most  economical  nor  the  most 
available  form  of  power  for  propulsion  on  tramways. 

The  writer  will  now  go  on  to  describe  the  apparatus  which  he  has 
employed  for  working  with  compressed  air,  and  give  the  reasons  which 
led  him  to  adopt  it.  The  objections  to  a  separate  locomotive,  which 
have  just  been  spoken  of,  led  him  to  fix  upon  a  self-moving  car,  as 
shown  in  Figs.  1  to  3,  Plates  90  and  91 ;  the  more  so  as  no  objection 
on  the  score  either  of  heat  or  of  smell  could  be  urged  against  such 
an  arrangement,  where  the  motive  power,  after  having  done  its  work, 
escaped  to  the  atmosphere  in  its  original  purity.  Having  determined 
upon  incorporating  wdth  the  vehicle  itself  the  engines  and  the 
reservoirs  containing  the  compressed  air,  the  method  of  doing 
so  was  forced  upon  him  by  the  conditions  with  which  he  had  to 
comply.  The  convenience  of  the  passengers  must  not  be  interfered 
with  by  the  apparatus  necessary  for  the  propulsion  of  the  car ;  and  the 
only  space  available,  consistently  with  this  requirement,  is  beneath 
the  level  of  the  floor.  The  next  point  for  consideration  was  the 
arrangement  of  the  wheels.  In  the  case  of  an  ordinary  horse-car,  the 
difficulties  attending  the  passage  of  sharp  curves  are  got  over  by 
simply  adopting  two  pairs  of  wheels  with  a  small  wheel-base. 
Although  this  system  is  by  no  means  perfect,  on  account  of  the  great 
amount  of  friction  which  is  insejiarablc  from  its  use,  it  has  the  merit 
of  simplicity  ;  and  this,  in  spite  of  its  theoretical  disadvantages,  has  led 
to  its  almost  universal  adoption  in  preference  to  more  complicated 
appliances.  The  writer  accordingly  determined  upon  dispensing 
with  the  use  of  swivels  or  bogies,  and  found  that  the  best  position  of 
the  engines,  under  such  an  arrangement,  was  in  immediate  proximity 
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to  the  wheels,  in  the  centre  of  the  vehicle.  It  then  occurred  to  him 
that  the  more  complicated  part  of  tho  apparatus,  consisting  of  the 
moving  parts,  might  be  arranged  on  a  separate  framing.  The 
advantage  of  this  plan  is  obvious  in  the  event  of  the  engines  requiring 
to  be  repaired,  because  this  can  be  clone  by  removing  them  bodily 
and  substituting  a  duplicate  set  of  apparatus,  without  losing  the  use 
of  the  valuable  plant  represented  by  the  car-body  and  the  air-receivers. 
Two  sets  of  framing  accordingly  became  an  essential  feature  of  the 
plan  ;  the  one  embracing  the  engines  and  wheels  in  the  centre  of  the 
car,  and  the  other  overhanging  it  at  each  end,  and  carrying  the  air- 
receivers  and  the  car-body.  The  wheel-base  adopted  was  the  mean 
of  those  which  have  been  used  by  one  or  two  of  the  leading  Tramway 
Companies,  namely  5  ft. ;  and  allowing  sufficient  clearance  for 
the  wheels,  the  length  of  the  central  engine-framing  came  to  be  about 
8  ft.  In  this  way  the  spaces  available  for  the  reservoirs  of  compressed 
air  arranged  themselves  at  each  end  beneath  the  floor ;  and  it  was 
only  left  to  consider  how  these  could  be  constructed  so  as  to  combine 
the  maximum  of  strength,  lightness,  and  capacity. 

The  last  of  these  conditions  being  of  great  importance,  the  writer 
was  anxious  if  possible  to  take  advantage  of  all  the  space  by  making  the 
reservoirs  rectangular  in  form.  He  found  however  that  the  staying  of 
such  large  flat  surfaces  entailed  an  amount  of  weight  which  rendered 
the  plan  altogether  impracticable.  Cylindrical  receivers  being  the 
only  alternative,  he  found  that  the  maximum  capacity  consistent  with 
strength  and  lightness  would  be  attained  by  filling  up  each  of  the 
spaces  with  three  cylindrical  receivers  A,  Figs.  1  to  3,  Hates 
90  and  91,  each  2  ft.  in  diameter,  and  the  full  length  of  the 
overhanging  space,  or  8  ft.  The  construction  of  these  air-cylinders 
was  the  next  point  to  be  considered.  The  plan  first  adopted 
is  shown  in  Fig.  4,  Plate  91.  The  cylinders  were  made  from 
one  plate,  welded  at  the  seam ;  and  the  ends  were  formed  from 
circular  plates,  dished  with  the  flanges  facing  outwards.  This 
arrangement  afforded  an  opportunity  for  riveting  the  dished  flanges 
in  a  thorough  manner.  The  stays  had  their  nuts  faced,  along  with 
the  edges  of  the  cylinders  and  dished  plates,  and,  projecting  through 
the  end  framing,  were  secured  by  an  additional  nut  on  the  outside : 
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a  mode  of  attachment  which  in  practice  was  found  to  be  thoroughly 
reliable.  The  great  objection  to  this  arrangement  was  the  expensive 
work  it  entailed,  as  well  as  the  additional  weight  required  for  staying 
the  flat  ends.  Fur  a  long  time  the  writer  could  find  no  means  of 
supplying  their  place  with  hemispherical  plates,  so  as  to  dispense 
with  the  necessity  for  staying  altogether ;  but  at  last  a  process  of 
welding  by  means  of  gas  jets,  used  in  Staffordshire,  was  tried  with 
great  success  under  the  inspection  of  Mr.  Hector  MacColl.  Although 
the  working  pressure  was  only  about  22  atmospheres,  the  receiver 
was  tested  to  750  lbs.  per  sq.  in.  The  name  of  "  Dudley  bottles  " 
has  been  given  to  this  form  of  receiver,  in  which  the  hemispherical 
ends  are  simply  welded  to  the  ends  of  the  cylinder,  Fig.  5,  Plate  91, 
so  as  to  form  a  solid  surface  throughout.  The  only  apertures  left 
are  one  hole  in  the  centre  of  each  end,  about  ^  in.  diameter.  This 
suffices  not  only  to  afford  the  smith  an  opportunity  of  judging  of 
the  heat  inside,  after  one  end  has  been  finished,  but  also  as  a  means 
for  intercommunication  among  the  receivers  by  the  attachment  of 
suitable  piping. 

The  general  arrangement  and  details  of  the  machinery,  and  its 
relation  to  the  car  itself,  are  sufficiently  shown  in  Plates  90  to  93. 

It  is  now  desirable  to  explain  the  peculiar  nature  of  the 
problem  which  has  to  be  solved  in  dealing  with  the  motive  power 
supplied  by  a  reservoir  of  compressed  air.  First,  as  regards  the 
supply  of  energy,  we  have  a  reservoir  of  force  that  is  continually 
decreasing  in  intensity  and  in  amount.  Secondly,  we  have  to  deal 
with  an  amount  of  resistance  which  may  either  remain  uniform,  as  in 
the  case  of  going  along  a  level  at  a  uniform  speed;  or  may  be 
slightly  diminished  or  altogether  disappear,  as  in  going  down  a  gentle 
or  a  steep  incline  ;  or  may  be  greatly  increased,  as  by  the  ascent  of  a 
steep  gradient,  or  by  the  necessity  of  starting  the  vehicle  from  a 
state  of  rest. 

First,  suppose  the  resistance  to  be  constant.  Two  methods  of 
dealing  with  the  varying  intensity  of  the  elastic  force  were  already 
well  known  to  engineers ;  one  by  first  reducing  the  pressure  before 
making   use   of  it,   the   other    by    expanding    it    from    its    initial 
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pressure.  By  the  first  method  it  would  be  practicable  always 
to  lower  the  pressure  of  the  air,  before  using  it,  down  to  the 
minimum  required  for  propelling  the  vehicle  when  at  the  point 
of  exhaustion  near  the  end  of  the  journey.  If  this  plan  were 
adopted,  the  dimensions  of  the  engines  could  be  adjusted  to  do 
the  work,  at  least  on  a  fairly  level  line,  without  any  special 
expansion  appliances.  The  disadvantage  of  this  system  is  that 
it  entails  the  loss  of  a  great  amount  of  energy.  On  referring  to 
the  diagram,  Fig.  7,  Plate  91,  this  becomes  evident.  If  we  start 
on  our  journey  with  a  pressure  reduced  to  100  lbs.  per  sq.  in.,  as 
against  the  300  lbs.  initial  pressure,  the  loss  of  energy  is  represented 
at  first  by  four  times  the  area  B  C  D  E  for  every  revolution  of  the 
wheels,  in  the  case  of  a  two-cylinder  double-acting  engine.  This 
area  will  continually  decrease  with  the  decreasing  pressure,  but  the 
gross  loss  is  evidently  so  great  as  to  render  it  most  important  that  it 
should  be  avoided.  Another  disadvantage  of  this  system  is  that,  even 
when  the  receiver  pressure  has  been  reduced  so  low  as  to  one-third  of 
the  original  pressure,  a  great  loss  still  arises,  in  the  case  of  overcoming 
heavy  resistances,  by  the  discharge  of  the  air  at  the  end  of  the  stroke  at 
a  pressure  considerably  above  that  of  the  atmosphere.  This  is  needful 
in  order  to  obtain  a  mean  pressure  sufficient  to  do  the  work  under 
these  circumstances;  and  the  loss  cannot  be  prevented  by  using 
larger  cylinders,  because  then  it  is  not  possible  to  cut  off  early 
enough  to  suit  the  lighter  resistances.  It  appears  therefore  that 
compressed  air  continually  sinking  from  a  high  to  a  low  pressure 
in  the  reservoir  cannot  be  dealt  with  by  the  expedient  of  simply 
reducing  the  pressure  before  using  it,  without  a  great  loss  of  power.* 
It  occurred  to  the  writer  however  that  an  apparatus  might  be 
arranged,  which  would  adjust  the  expansion  valves  so  as  to  cut  the 
air  off  at  a  different  point  for  each  decrease  of  the  initial  pressure  in 
the   reservoirs.      It    is   true   that    at   that    time   the    experience   of 

*  In  the  diagram  isothermal  lines  have  been  chosen  to  illustrate  the  meaning, 
on  account  of  their  simplicity.  If  adiabatic  curves  had  been  taken,  allowing  for 
the  thermal  equivalent  of  the  work  done  in  the  cylinders,  the  same  remarks  would 
have  applied  to  them  at  a  higher  point  upon  the  scale  of  pressures. 
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engineers  had  been  going  to  show  that  early  expansion  was 
impracticable,  in  the  case  of  compressed  air  admitted  to  the  cylinders 
at  the  ordinary  temperature  of  the  atmosphere,  on  account  of  the 
excessive  cold  produced  at  the  point  of  discharge,  which,  in  an  average 
aqueous  condition  of  the  air,  led  to  the  formation  of  ice.  We 
have  a  familiar  instance  of  the  mode  in  which  an  elastic  fluid  at  a 
high  temperature  is  capable  of  converting  its  heat  into  work,  by 
communicating  momentum  to  its  own  particles,  in  the  case  of  high- 
pressure  steam  escaping  from  an  orifice.  The  absorption  of  heat, 
which  takes  place  in  this  sudden  transformation  of  one  kind  of 
energy  into  another,  makes  it  possible  to  place  the  hand  in  contact 
with  the  steam  at  the  point  of  escape.  It  seemed  probable  therefore 
that  engineers  had  not  expanded  the  air  far  enough  ;  and  that  if  they 
only  did  so  in  such  a  manner  that  the  escape  took  place  at  the 
pressure  of  the  atmosphere,  the  loss  of  heat  would  be  only  the 
mechanical  equivalent  of  the  work  done  in  the  cylinders,  without 
the  additional  loss  of  temperature,  at  the  end  of  the  stroke,  which 
occurs  when  a  residual  pressure  is  left  to  communicate  momentum  to 
the  atoms  composing  the  elastic  medium.  The  writer  found  this  to 
be  the  case  by  experiment ;  and  thus  showed  that  troubles  from  the 
formation  of  ice  were  only  likely  to  arise  when  the  air  escaped 
from  the  cylinders  above  the  pressure  of  the  atmosphere. 

Fig.  8,  Plate  91,  shows  the  automatic  apparatus  devised  for  the 
purj>ose  of  expansion.  Here  A  A  are  the  cylinders,  in  which  the  air  is 
expanded  and  does  the  work  of  propelling  the  vehicle.  In  the  chamber 
B  is  confined  a  quantity  of  air  at  a  pressure  corresponding  to  the 
pressure  in  the  receivers.  C  is  a  chamber,  at  right  angles  to  the  air 
chamber  B,  filled  with  a  suitable  liquid  so  as  to  provide  a  hydraulic 
instead  of  a  pneumatic  connection  with  the  piston  D,  which  moves 
backwards  or  forwards  as  the  pressure  upon  either  side  of  it  is  increased 
or  diminished.  The  piston-rod  E  is  attached  to  a  toothed  rack  F, 
acting  upon  a  pinion  G,  which  revolves  in  a  piece  with  the  wheel  H  ; 
and  this  in  its  turn  gives  a  rotary  motion  to  the  pinions  J  J  keyed 
to  the  valve  spindles.  These  spindles,  being  turned  to  the  right 
or  left,  give  motion  to  cut-off  valves  placed  uj)on  the  backs  of  the 
main  valves,  by  altering  their  relative  positions  through  the  agency 
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of  right-  and  left-liand  screws.  In  this  way  the  movements  of  the 
piston  D  are  conveyed  directly  to  the  valves,  so  as  to  vary  the 
period  of  cut-off"  in  accordance  with  the  position  of  the  toothed 
jack. 

We  must  now  return  to  the  diagram,  Fig.  7,  exhibiting  the 
dynamical  values  of  different  degrees  of  expansion  at  different 
pressures,  in  order  to  understand  how  the  mechanism  described  will 
effect  the  object  aimed  at.  Still  taking  the  isothermal  curves  for 
the  purposes  of  comparison  and  explanation,  it  will  be  found  that 
if  wre  require  a  mean  pressure  of  60  lbs.,  this  wTill  be  given  by 
the  outer  black  line  B  H,  provided  we  commence  with  the  initial 
pressure  of  300  lbs.  and  finish  with  the  pressure  of  the  atmosphere 
at  the  end  of  the  stroke.  But  after  the  reservoir  pressure  has 
fallen  to  100  lbs.,  this  mean  pressure  can  only  be  obtained  by 
cutting  off  at  a  point  much  further  out  on  the  line  of  volumes ;  in 
fact  as  nearly  as  may  be  at  one-fourth  instead  of  one-twentieth  of 
the  stroke.  Omitting  for  the  moment  the  mode  of  meeting  the  difficulty 
that  the  final  pressure  in  this  case  is  above  that  of  the  atmosphere,  let 
us  turn  to  the  apparatus,  Fig.  8,  and  see  what  it  has  done  in  the 
way  of  adjusting  the  valves  in  the  desired  manner.  It  must  be 
understood  that  the  pressure  from  the  receivers,  during  the  process 
of  pumping  the  compressed  air  into  them,  is  admitted  to  the  forward 
end  of  the  piston  D  in  the  space  Q,  and  therefore  as  the  pressure 
rises  it  forces  back  the  piston,  until  the  motion  is  arrested  by  the 
elasticity  of  the  confined  air  in  the  chamber  B.  Suppose  now  that 
the  maximum  pressure  in  the  receiver  has  been  reached,  and  that 
the  piston  D  has  been  moved  back  so  that  the  valves  are  adjusted 
to  their  earliest  points  of  cut-off;  and  suppose  also  that  the  car  has 
been  detached  from  the  pumps  and  has  started  on  its  journey :  then, 
as  the  pressure  in  the  receivers  begins  to  diminish,  the  piston  D  will 
be  moved  forward  by  the  higher  pressure  of  the  confined  air  in  the 
chamber  B,  and  the  point  of  cut-off  will  be  rendered  correspondingly 
later. 

Again  turning  our  attention  to  the  diagram  of  the  isothermal 
curves,  Fig.  7,  Plate  91,  we  must  see  if  the  expansion  of  the 
column   of  confined   air   behind   the   piston   D    will    produce    the 
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desired  rates  of  expansion  necessary  to  maintain  a  constant  mean 
pressure  in  the  working  cylinders.  In  the  first  place,  by 
Boyle's  law,  when  the  pressure  has  been  reduced  in  the  receivers 
by  one-half,  say  from  300  lbs.  to  150  lbs.  per  sq.  in.,  then,  tbe 
pressuro  of  the  air  confined  in  the  chamber  B  being  correspondingly 
diminished,  its  volume  will  have  exactly  doubled.  The  toothed 
rack,  if  its  travel  corresponded  to  the  change  of  volume,  would 
then  have  moved  through  half  its  stroke ;  and  would  thus  have 
moved  the  valves  half  way  towards  their  latest  point  of  cut-off. 
In  order  to  simplify  the  explanation,  we  will  suppose  that  this 
half-stroke  of  the  rack  will  also  cut  off  the  air  at  half-stroke. 
Then  we  find  that  the  mechanism  will  be  cutting  off  the  air  at  half 
stroke,  when  the  initial  pressure  in  the  receivers  is  150  lbs.  "What 
is  wanted  however,  as  we  have  already  assumed,  is  a  mean  pressure 
of  60  lbs.  per  sq.  in. ;  and,  in  order  to  attain  this,  the  point  of  cut-off 
must  not  be  at  the  point  of  half-stroke  P,  Fig.  7,  but  at  the 
point  N,  very  nearly  one-eighth  of  the  stroke.  This  difficulty  is 
overcome  by  making  the  capacity  of  the  chamber  C,  containing  the 
liquid,  four  times  that  of  the  air-chamber  B.  If  this  is  done,  it  is 
evident  that  for  every  inch  through  which  the  column  of  confined 
air  expands,  in  correspondence  with  the  decreasing  pressure  in  the 
reservoirs,  the  piston  D  will  move  through  one-fourth  of  an  inch. 
When  therefore  the  column  x>f  air  has  expanded  to  double  its  volume, 
the  piston,  with  the  toothed  rack  and  expansion  valves,  will  have 
moved  only  one-fourth  of  that  distance,  or  one-eighth  of  its  entire 
stroke.  This  then  will  bring  the  cut-off  not  to  the  point  P,  Fig.  7, 
but  to  the  point  N,  which  represents  the  approximate  ratio  of  expansion 
necessary  to  give  the  required  mean  pressure  of  60  lbs. 

A  variable  cut-off,  as  may  be  required,  is  easily  obtained  by  means 
of  a  two-way  valve,  attached  to  the  pipe  that  communicates  between  the 
receivers  and  the  chamber  Q  in  front  of  the  piston  D.  If  this  valve 
is  turned  so  that  the  communication  is  closed  to  the  receivers  and 
opened  to  the  atmosphere,  the  pressure  in  this  chamber  is  instantly 
reduced,  and  the  elasticity  of  the  confined  air  in  the  chamber  B 
immediately  thrusts  the  piston  D  forward,  so  as  to  set  the  valves  to 
a  later  point  of  cut-off.     This  forward  movement  of  the  piston  is 
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alLowed  to  continue  until  the  desired  rate  of  speed  Las  been  attained ; 
the  two-way  valve  being  used  to  the  same  effect  as  an  ordinary 
stop-valve  until  the  end  of  the  journey.  Here  then  we  have  obtained 
an  apparatus  which  acts  correctly  in  an  automatic  manner  through- 
out the  distance  travelled  by  the  car,  in  ordinary  cases,  and  which 
is  capable  of  being  readily  adjusted  at  any  time  of  the  journey,  to 
suit  special  cases. 

On  turning  to  our  diagram  of  the  dynamical  areas,  Fig.  7,  Plate  91, 
it  will  be  found  that  many  difficulties  have  still  to  be  overcome.  In  the 
first  place  the  ratio  of  the  cubic  contents  of  the  two  chambers  B  and 
0,  when  arranged  as  1  to  4,  is  only  right  for  the  isothermal  lines, 
which  we  have  already  made  use  of  for  the  purpose  of  explanation, 
besides  being  only  correct  for  ordinary  conditions  of  the  journey. 
What  next  has  to  be  done  is  to  adjust  the  two  areas  so  that  the 
points  of  cut-off  will  give  the  required  mean  pressure  for  a 
corresponding  series  of  adiabatic  curves,  in  which  allowance  is  made 
for  the  loss  of  power  in  the  air  when  it  is  doing  work  by  expanding 
in  the  cylinders.  Now  if  we  suppose  the  amount  of  work  to  be 
constant — which  it  will  be  so  long  as  it  is  employed  to  overcome  a 
constant  resistance,  as  in  the  case  of  a  uniform  load  travelling  at 
a  uniform  velocity  along  a  level — then  the  dynamical  area  which  we 
must  add  to  the  isothermal  area,  in  order  to  allow  for  this  work,  will 
be  a  constant  quantity  ;  and  we  shall  be  able  to  supply  the  deficiency 
by  an  adjustment  of  the  two  areas  B  and  C  to  some  ratio  greater  than 
the  ratio  of  1  to  4  ;  say  1  to  3,  or  1  to  2.  This  variation  in  the 
ratio  between  the  cubic  contents  of  the  chamber  B  and  the  chamber 
C  can  always  be  adjusted  by  reducing  or  increasing  the  quantity  of 
the  liquid. 

On  once  more  examining  the  isothermal  lines,  it  will  appear 
that  there  are  yet  further  difficulties  to  be  overcome.  Hitherto 
we  have  dealt  with  a  supposed  maximum  mean  pressure  of  60  lbs., 
used  to  overcome  a  supposed  maximum  resistance.  Now  if  we  look 
at  the  outer  line  B  H,  Fig.  7,  which  starts  from  the  line  of  maximum 
initial  pressure,  we  find  that  it  supplies  the  conditions  of  a  mean 
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pressure  of  GO  lbs.,  terminating  at  the  pressure  of  the  atmosphere  at 
the  end  of  the  stroke.  Let  us  now  turn,  not  to  the  maximum  mean 
pressure  required  to  overcome  the  maximum  resistance,  but  to  an 
average  mean  pressure  required  to  overcome  an  average  resistance, 
say  ;i0  lbs.  instead  of  <i0  lbs.  We  then  discover  that  the  point  of 
cut-off  at  the  maximum  initial  pressure  of  300  lbs.  requires  to  be 
moved  from  the  point  B  to  A ;  and  the  result  of  this  earlier 
expansion  is  to  bring  the  isothermal  line  across  the  atmospheric  line 
at  the  point  X,  somewhat  beyond  the  centre  of  the  line  of  volumes,  or 
in  other  words  beyond  the  half-stroke  of  the  engine.  In  this  way 
a  dynamical  loss  will  occur,  on  account  of  the  back  pressure  of  the 
atmosphere,  this  loss  being  represented  on  the  diagram,  for  each 
stroke,  by  the  area  HIX.  It  is  evident  that  one  way  of  getting 
over  this  difficulty  would  be,  so  to  reduce  one  or  more  of  the  factors 
that  go  to  make  up  the  total  capacity  of  the  engine,  as  that 
a  different  line  of  mean  pressures,  ending  just  at  the  atmospheric 
line,  would  be  required  to  overcome  the  supposed  mean  resistance. 
For  instance,  let  us  suppose  that  in  order  to  bring  out  this 
result  we  have  recourse  to  the  outer  line  B  H,  giving  a  mean 
pressure  of  60  lbs.,  and  reaching  the  atmospheric  pressure  at  the  end 
of  the  stroke ;  while  at  the  same  time  we  do  not  wish  to  use  more 
work  than  is  represented  by  30  lbs.  mean  pressure  in  a  two-cylinder 
double-acting  engine.  It  is  clear  that  this  object  may  be  attained 
either  by  using  only  one  cylinder  instead  of  two,  or  by  making  the 
two  cylinders,  for  the  time  being,  single  instead  of  double-acting. 

So  much  for  the  earlier  and  higher  initial  pressures :  let  us  now 
look  at  what  happens  when  we  come  to  consider  such  a  reduced  initial 
pressure  as  100  lbs.  What  we  now  require  is  to  bring  the  point  of 
cut-off  further  iu  on  the  line  of  volumes  than  the  point  F,  which  is 
the  point  of  cut-off  corresponding  with  a  mean  pressure  of  60  lbs.,  and 
in  this  way  to  terminate  the  isothermal  line  at  the  point  H  on  the 
atmospheric  line,  instead  of  at  G  ;  so  as  to  save  the  residual  pressure 
at  the  end  of  the  stroke  represented  by  the  height  G  H.  To  do 
this  we  must  reduce  the  mean  pressure  below  the  supposed  maximum 
of  60  lbs. ;  and  in  order  to  make  up  for  this  reduction  we  must 
increase  the  capacity  of  the  engines  beyond  the  capacity  we  started 
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with  when  the  initial  pressure  was  300  lhs.  In  short,  if  we  take 
the  capacity  of  the  engines  as  unity  when  the  mean  pressure  of  60  lbs. 
is  required  in  order  to  overcome  an  incline,  we  must  at  first  reduce 
their  capacity  to  say  0*6,  in  order  to  obtain  the  normal  amount  of 
work  which  is  required  on  a  level  road,  and  at  the  same  time 
terminate  the  stroke  at  the  pressure  of  the  atmosphere  ;  and  on 
the  other  hand,  when  the  initial  pressure  is  reduced  to  100  lbs., 
we  must  have  an  earlier  cut-off  if  we  are  to  finish  at  atmospheric 
pressure,  and  must  increase  the  capacity  of  the  engines  above 
unity  in  order  to  make  up  for  it. 

For  many  months  the  writer  worked  at  the  solution  of  this 
difficult  problem;  i.e.  how  to  vary  the  capacity  of  the  engines, 
so  as  to  secure  the  discharge  of  the  air  at  the  atmospheric  pressure, 
for  every  variation  in  the  initial  pressure  and  every  alteration  of  the 
work  required.  An  ordinary  double-acting  two-cylinder  engine  so 
far  supplied  the  elements  of  increasing  and  decreasing  the  total 
cylinder  capacity,  that  it  would  be  possible  to  use  first  a  single 
cylinder  single-acting,  then  a  single  cylinder  double-acting  then 
two  cylinders  one  double-acting,  and  lastly  two  cylinders  both 
double-acting.  This  course  however  had  many  inherent  defects, 
besides  the  complication  entailed  by  the  necessary  apparatus.  Finally 
the  author  struck  out  the  true  solution  of  the  problem.  A  few 
words  will  suffice  to  explain  it.  Supposing  we  take  the  initial 
pressure  of  100  lbs.  as  the  mean  residual  pressure  in  the  receivers, 
which  we  think  to  be  desirable  at  the  end  of  the  journey.  Suppose 
also  we  make  the  capacity  of  the  engines  so  large  that  the  mean 
pressure  of  60  lbs.  can  be  reduced,  so  as  to  bring  the  residual 
pressure  down  to  that  of  the  atmosphere  at  the  end  of  the  stroke, 
and  yet  obtain  a  dynamical  area,  even  with  100  lbs.  pressure, 
sufficient  to  overcome  the  maximum  resistance.  Suppose  further 
we  keep  this  same  engine  capacity  for  every  degree  of  expansion 
and  for  every  variation  of  initial  pressure  and  work.  Then  it  follows 
that  the  whole  of  the  curves  enclosing  our  dynamical  areas  will 
fall  below  the  atmospheric  line  before  the  end  of  the  stroke.  Take 
for  instance  the  standard  curve  represented  by  the  outer  strong  line 
B  H,  Fig.  7,  Plate  91.      As  the  capacity  of  the  engine  has  been 
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increased  to  meet  the  necessities  of  the  reduced  initial  pressure  of 
100  lbs.,  it  is  clear  the  maximum  mean  pressure  of  CO  lbs.  must  be 
reduced  by  means  of  an  earlier  cut-off,  and  thus  the  curve  must  fall 
below  the  atmospheric  line,  if  its  dynamical  effect  is  to  remain 
the  same  in  the  larger  engine  as  in  the  smaller  one.  Here  then 
we  have  the  phenomenon  to  deal  with  of  all  the  adiabatic  lines 
falling  below  the  atmospheric  line  at  the  end  of  the  stroke,  except 
a  few  that  touch  it,  at  the  lowest  initial  pressures  towards  the  end 
of  the  journey.  Now  these  various  lines  represent  variations  in 
what  may  be  called  the  "  dynamical  duration  of  the  stroke,"  and 
that  in  a  perfectly  automatic  manner.  But  this  dynamical  duration 
of  the  stroke,  when  varied,  has  just  as  much  effect  upon  the 
total  capacity  of  the  engine,  as  if  the  area  of  the  cylinder  were 
altered.  Here  then  was  the  automatic  variation  in  the  capacity  of 
the  engine  which  was  required. 

The  only  thing  was  to  devise  a  means  by  which  this  variation 
should  be  obtained,  without  the  back  pressure  of  the  atmosphere 
acting  through  the  remainder  of  the  stroke.  A  simple  suction 
or  inlet  valve,  Fig.  11,  Plate  93,  supplied  the  want,  by 
admitting  the  outer  air  to  the  cylinder  whenever  the  pressure 
fell  below  the  atmospheric  pressure.  By  its  application  an 
absolutely  automatic  variation  in  the  capacity  of  the  engine 
is  obtained,  by  the  variation  of  the  dynamical  duration  of  the 
stroke,  without  any  loss  from  the  back  pressure  of  the  atmosphere. 
Very  important  consequences  follow  from  its  adoption.  Any 
desired  position  of  the  valves  can  be  given,  in  order  to  overcome 
any  resistance,  at  any  speed,  with  the  certainty  that  the  power  is 
being  obtained  without  loss.  Now,  since  the  speed  is  what  decides 
the  necessary  degree  of  expansion,  however  the  resistance  may 
vary,  it  follows  that  the  driver,  being  the  best  judge  of  the  speed,  may 
use  his  valve-gear  just  as  he  would  a  stop-valve  ;  and  the  automatic 
arrangement  shown  in  Fig.  8,  unless  under  the  peculiar  circumstances 
of  a  constant  resistance,  becomes  unnecessary. 

Although  the  problem  was  in  this  manner  successfully  solved, 
practical  difficulties  still  remained.  The  necessity  for  continually 
starting  the  car  from  a  state  of  rest  is  a  source  of  trouble  and  loss  of 
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power,  when  the  valves  are  placed  at  an  early  point  of  cut-off,  and 
when  the  position  of  the  cranks  happens  not  to  admit  of  any  air  being 
admitted  to  the  cylinders.  In  order  to  avoid  the  necessity  for 
completely  altering  the  position  of  the  expansion  valves,  the  writer 
adopted  the  device,  shown  in  Fig.  12,  Plate  93,  of  admitting  a  small 
jet  of  air  directly  from  the  receivers  through  the  main  valve  face, 
so  as  to  enter  the  cylinders  under  the  control  of  the  main  valve 
alone,  and  unaffected  by  the  expansion  valve.  In  this  way  the 
vehicle  can  be  started  almost  as  quickly  as  if  the  expansion  valves 
did  not  exist. 

One  point  of  importance  remains  to  be  spoken  of,  namely  the 
heating  of  the  air  before  it  is  made  use  of  in  the  cylinders. 
The  dynamical  advantage  of  this  operation  is  so  evident  that  it  has 
already  been  adopted  by  other  inventors.  The  writer  has  hitherto 
refrained  from  adopting  it,  because  he  considers  that  any  economy 
that  may  arise  from  doing  so  really  affects  only  the  fuel  account  of 
the  engine.  Against  this  saving  is  to  be  placed  the  inconvenience  to 
the  public,  arising  from  the  necessity  of  a  separate  apparatus  for 
producing  the  heat.  Now  the  expense  of  the  fuel  for  driving  the 
writer's  car  is  only  about  a  halfpenny  per  mile,  when  used  on  a  large 
scale,  and  when  furnace  coals  are  to  be  obtained  at  10s.  per  ton.  The 
present  car,  as  made  by  the  writer's  licensees,  Messrs.  Neilson  &  Co., 
Hyde  Park  Locomotive  Works,  Glasgow,  travels  7  miles  with  one 
charge  of  air  at  the  moderate  pressure  of  26  atmospheres,  and  this 
with  a  load  of  40  passengers  and  including  about  25  stoppages  and 
reversings  of  the  engines.  It  is  clear  that  the  insignificant  saving 
due  to  heating  the  air  is  not  worth  having,  at  least  on  such  a  route. 

In  conclusion,  it  may  be  observed  that  the  subject  of  compressed 
air  as  a  motive  power  is  a  very  much  wider  one  than  can  be  dealt  with 
in  the  limits  of  a  single  paper.  The  case  of  tramways  is  by  no  means 
that  which  offers  the  fewest  obstacles  to  its  application.  In  long 
tunnels,  for  instance,  the  requirements  as  to  noiselessness  &e.  would 
not  be  needed.  At  the  same  time  the  present  paper  has  shown 
how  a  silent  exhaust  may  be  obtained,  and  how  it  at  once  secures  an 
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economical  use  of  the  air,  and  evades  the  difficulty  of  the  formation 
of  ice.  Wider  questions,  such  as  the  use  of  compressed  air  for 
conveying  power  to  a  distance,  cannot  now  be  touched  on.  The 
writer  wishes  to  conclude  by  expressing  his  opinion  that  the  action  of 
the  Board  of  Trade,  on  the  question  of  mechanical  traction  upon 
tramways,  has  been  most  judicious  ;  and  that  their  present  code  of 
rules  (if  a  little  latitude  be  allowed  in  regard  to  such  matters  as 
the  self-acting  governor  and  speed  indicator)  is  very  fair  and 
reasonable. 


Discussion  on  Air  Tramway  Engines. 

Mr.  Scott-Moncrieff  said  he  would  endeavour  more  fully  to 
explain  the  ultimate  result  obtained  by  the  use  of  the  inlet  air  valve 
shown  in  Fig.  11,  Plate  93.  The  way  in  which  the  matter  stood  from 
a  practical  point  of  view,  as  regarded  both  the  traction  of  vehicles 
and  also  the  use  of  such  an  elastic  fluid  as  compressed  air  in  a 
stationary  reciprocating  engine,  was  simply  this  :  that,  to  avoid  the 
escape  of  the  air  above  the  pressure  of  the  atmosphere  at  the  end  of 
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the  stroke  (which  had  the  douhle  disadvantage  of  producing  excessive 
cold  and  a  loss  of  power),  the  size  of  the  cylinders  must  be  increased. 
Then  the  cut-off  could  be  made  earlier,  so  bringing  the  exhaust  down 
to  the  atmospheric  pressure  at  the  end  of  the  stroke,  and  reducing  the 
mean  pressure  as  compared  with  the  smaller  engine,  but  maintaining 
the  power  by  reason  of  the  additional  capacity.  But  the  difference 
between  the  problem  of  a  stationary  air-engine  and  that  of  a 
tramway  locomotive  was  that  in  the  former  case  there  was  an 
approximately  constant  reservoir  pressure  to  draw  from,  in  order  to 
supply  a  required  mean  cylinder  pressure ;  while  in  the  latter  case 
there  was  a  constantly  diminishing  reservoir  pressure  ;  and  the  devices 
which  had  been  described  in  the  paper  had  therefore  to  be  adopted  in 
order  to  obtain  the  required  result.  In  such  an  apparatus  as  a  self- 
moving  car  it  was  necessary  to  start  with  a  maximum  size  of  cylinder, 
having  a  capacity  sufficient  to  overcome  a  maximum  resistance,  and 
yet  to  cut  off  so  early  as  to  obtain  an  exhaust  terminating  on  the 
atmospheric  line.  The  question  then  came  to  be,  what  was  to  be 
done  with  the  lighter  resistances  ?  The  true  method,  as  the  paper 
explained,  was  simply  to  allow  those  reduced  mean  cylinder  pressures 
to  adjust  themselves  :  the  dynamical  capacity  of  the  engine  constantly 
varying  by  the  fact  of  the  stroke,  or  rather  the  dynamical  duration  of 
the  stroke,  being  reduced  whenever  the  cut-off  was  made  earlier ;  and 
all  loss  from  back  pressure  being  prevented  by  admitting  the 
atmospheric  air  the  moment  the  exhaust  touched  the  atmospheric 
line. 

Mr.  George  Allan  asked  what  was  the  weight  of  the  combined 
engine  and  car,  and  also  what  was  the  steepest  incline  it  could 
travel  up. 

Mr.  Henry  Hughes  desired,  as  an  old  opponent  of  Mr.  Moncrieff,  to 
say  how  much  he  admired  the  courage  with  which  he  had  stuck  to  his 
subject  during  so  many  years.  Mr.  Moncrieff,  he  believed,  was  the 
first  man  to  think  of  working  a  tramway  by  compressed  air.  Many 
others  had  followed  in  his  wake ;  and  only  last  week  he  had  seen  the 
name  of  Mr.  Hardie  mentioned,  who  was  now  working  a  tramway  in 
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America  by  compressed  air,  and  who,  lie  believed,  was  a  pupil  of 
Mr.  Scott-Moncrieff.  He  was  certain  that  no  man  had  pursued  that 
subject  with  more  zeal,  or  had  obtained  better  results. 

It  was  stated  in  the  paper  that  that  which  was  found  to  be  the 
cheapest  available  power  was  the  best  for  tramways.  He  supposed 
that  the  cheapest  meant  that  which,  of  those  best  suited  for  the 
purpose,  cost  least  for  fuel  and  least  for  repairs.  They  would  all 
agree  with  that ;  but  he  could  not  agree  with  the  author  that  the 
working  of  a  locomotive  by  steam  would  be  less  economical  than  the 
working  of  a  locomotive  by  compressed  air.  It  was  stated  that  the 
fuel  would  cost  about  half  the  money  per  ton,  and  also  that  the 
efficiency  was  about  one  half,  in  the  compressed-air  engine  as 
compared  with  the  steam  engine ;  so  that  the  two  balanced.  But 
then  it  was  added  that  the  fuel  used  and  the  heat  produced  in  a 
steam  locomotive  involved  much  more  waste  than  in  the  compressed- 
air  engine,  and  therefore  there  remained  an  advantage  on  the  side  of 
the  latter.  With  this  he  could  not  agree ;  because  it  must  not  be 
forgotten  that  in  a  steam  tramway  engine  no  blast  was  used,  that  all 
the  fuel  was  used  in  the  best  way  possible,  and  that  nearly  the  whole 
of  the  heat  was  taken  up  just  as  it  would  be  taken  up  in  the  very  best 
boilers  to  be  found.  With  regard  to  the  three  standing  difficulties 
mentioned  on  p.  651,  he  could  not  see  that  there  was  much  to  complain 
of  in  the  products  of  combustion  from  a  well-designed  steam  tramway 
locomotive.  The  smoke  from  the  chimney  was  very  small ;  and  if 
mechanical  engineers  could  not  get  rid  of  the  gases  from  the  fire, 
when  no  blast  was  passing  through  the  chimney,  the  more  shame  for 
them.  He  had  run  many  hundreds  of  thousands  of  miles  by  steam  on 
tramways,  and  had  never  had  a  single  action  brought  by  persons  who 
complained  that  they  had  been  damaged  by  the  gases ;  and  he  did 
not  believe  that  the  proprietors  of  the  tramways  had  lost  a  penny  by 
passengers  refusing  to  ride  on  them  for  that  reason.  The  escape  of 
visible  vapour,  as  Mr.  Moncrieff  admitted,  was  entirely  done  away 
with  by  condensation  ;  but  he  added  that  the  weight  of  the  water. 
carried  was  a  difficulty.  He  himself  had  always  found,  on  the 
contrary,  that  the  weight  of  water  carried  was  of  very  great  advantage. 
Anyone  who  had  to  take  a  tramway  engine  up  a  gradient  of  1  in  12 
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(as  lie  had  himself  lately  done  with  Mr.  Chamberlain  in  Birmingham), 
and  that  with  the  rails  rather  greasy,  would  find  that,  instead  of 
wanting  less  water  in  the  tank,  he  would  want  more  :  at  least  he 
would  be  only  too  glad  to  have  a  tank  full  of  water  to  weight  the 
engine.  As  to  occupying  space  in  the  streets,  no  doubt  the  engines 
did  occupy  space ;  and  at  a  place  like  the  corner  of  Euston  Road, 
cited  in  the  paper,  he  doubted  whether  even  a  compressed-air  engine 
would  be  suitable ;  but  there  were  hundreds  of  other  places  where 
tramway  engines  could  be  usefully  located.  There  was  very  little 
difficulty  in  the  shunting  of  a  locomotive  and  separating  it  from  the 
car  in  the  public  street.  It  was  not  necessary  to  run  the  engine 
forward,  and  bring  it  round  to  the  other  end  of  the  car.  The  proper 
plan  was  to  take  the  engine  off  the  car,  to  run  it  on  to  an  adjoining 
siding,  and  there  couple  it  to  another  car  which  was  waiting  filled 
with  passengers.  The  operation  occupied  very  little  time  and  space. 
It  was  desirable  however  that  all  steam  tramways  should  have  double 
lines,  in  order  to  avoid  the  use  of  facing  points,  which  on  single  lines 
occurred  at  very  short  intervals,  and  were  highly  dangerous. 

The  strength  of  a  chain  was  the  strength  of  its  weakest  part ;  and 
the  weak  part  of  compressed  air  was  that  you  could  not  increase  the 
power  as  you  wanted  it ;  you  could  only  use  the  power  that  the 
compressed  air  in  the  receivers  would  give  you.  He  knew,  from 
practical  experience  with  many  tramways  worked  by  steam,  that  an 
enormous  amount  of  force  was  sometimes  required.  It  sometimes 
happened  that  when  the  driver  came  in  the  morning  he  found  say  six 
inches  of  snow  on  the  ground.  He  then  told  the  fireman  to  fill  the 
fire-box  full  of  fuel,  to  put  the  blast  on,  and  get  up  plenty  of  steam, 
say  140  lbs.  pressure.  He  then  started  out  with  a  good  fire,  and  ran 
the  engine  over  the  road,  at  first  without  any  car,  pressing  the  snow 
down  ;  after  which  all  the  cars  wrould  go  over  it  very  well.  He  would 
undertake  to  say  that  with  a  compressed-air  engine  it  would  take 
twenty  times  the  air  contained  in  the  receivers  to  do  the  same  work. 
Again,  a  steam  engine,  or  a  compressed-air  engine,  would  often  go 
wrong  upon  the  road,  and  it  could  not  be  left  there ;  it  must  be  got 
out  of  the  way.  In  Paris,  for  instance,  he  had  had  a  steam  brake 
stuck  fast  on  the  engine  wheels  more  than  once,  so  that  it  would  not 
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come  off.  "What  did  they  do  under  such  circumstances?  The  next 
engine  coming  up  would  get  up  steam  pretty  high,  and  push  the  first 
one  on,  although  the  wheels  were  skidded,  and  thus  it  did  not  lose 
a  single  journey.  Those  were  circumstances  in  which  an  enormous 
amount  of  force  was  required,  and  that  force  must  be  at  hand ;  but 
it  was  not  at  hand  in  the  case  of  a  compressed-air  engine. 

What  was  required  for  tramways  in  all  cases  was  a  strong  engine 
and  a  strong  road.  The  great  difficulty  in  regard  to  the  use  of  steam 
or  air  on  tramways,  in  times  past,  had  been  that  the  roads  had  not  been 
sufficiently  good  for  the  engines.  In  the  case  of  a  tramway  worked 
by  himself  in  Paris  he  was  certain  from  what  he  saw  that  in  the  end 
the  road  would  knock  the  engine  to  pieces.  In  consequence,  having 
a  contract  at  Lille,  he  had  designed  an  engine  with  large  cylinders  and 
wheels,  so  that  the  friction  was  reduced,  and  the  speed  of  the  moving 
parts  was  slow.  These  were  so  strong  that  he  felt  quite  certain  the 
tramway  would  have  to  give  way,  and  not  the  engine.  The  engine 
jumped  off  the  tramway  sometimes,  but  they  managed  to  jump  it  on 
again.  Once  it  went  down  a  railway  embankment;  but  it  was  drawn 
up  again,  and  was  not  hurt.  The  tramway  did  give  way,  and  the 
consequence  was  that  the  authorities  put  down  a  new  tramway ;  and 
not  only  so,  but  they  agreed  to  purchase  the  locomotives  to  work  it. 

There  was  now  another  competitor  in  the  field,  in  the  shape  of 
electricity.  Whether  it  would  succeed  or  not  he  could  not  say  ;  but 
he  mentioned  the  matter  because  he  had  lately  seen  it  stated  (see  "  The 
Engineer,"  7  Oct.  1881,  p.  259)  that,  whereas  steam  cost  Id.  per  mile, 
electricity  would  only  cost  one  penny.  Now,  on  a  tramway  the  highest 
rate  of  speed  was  ordinarily  6  miles  per  hour,  and  the  men  on  the 
lines  with  which  he  was  connected  were  paid  Id.  per  hour  for  driving 
the  engines.  Consequently  the  figure  mentioned  for  electricity,  namely 
6d.  for  the  journey  of  6  miles,  would  barely  pay  the  wages  of  the  man. 
Probably  an  electric  engine  might  be  able  to  work  without  a  driver ; 
at  all  events  the  driver  must  work  without  the  engine,  or  the  engine 
without  the  driver,  because  the  penny  per  mile  would  be  wholly 
absorbed  by  the  man  himself. 

It  did  seem  sad  that  tramway  companies  would  not  adopt  some 
kind  of  machine ;  for  it  was  really  pitiful  to  see,  as  he  had  sometimes 
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seen,  three  or  four  horses  with  their  knees  bent,  their  tails  out,  their 
backs  strained,  and  apparently  in  absolute  torture,  while  dragging 
the  heavy  vehicles  along.  With  regard  to  the  question  of  space, 
three  or  four  horses  occupied  far  more  space  than  a  locomotive  would. 
Something  certainly  ought  to  be  done  to  meet  the  case. 

The  President  asked  if  Mr.  Hughes  could  give  any  further 
particulars  with  regard  to  the  engines  working  on  the  Govan  Eoad, 
Glasgow. 


Mr.  Hughes  said  they  had  worked  very  satisfactorily  for  three  or 
four  years,  but  since  that  time  another  firm  had  taken  the  contract. 
The  public  were  pleased  with  them,  and  the  tramway  company  were 
anxious  to  make  a  fresh  contract,  and  at  a  higher  price ;  so  that 
altogether  the  undertaking  was  a  success.* 

*  Mr.  Hughes  lias  since  supplied  the  following  particulars  of  cost  of  working 
on  this  tramway  : — 

No.  of  miles  per  day  for  each  engine,  70. 
Length  of  Tramway,  2  miles. 
Hours  of  work,  7  o'clock  a.m.  to  11  o'clock  p.m. 
Cost  per  mile  run. 


Coke         .... 

Water  (including  washing) 

Oil 

Lighting  Oil    . 
Waste     .... 
Material,  Repairs  &c. 
Labour  .... 
10  per  cent,  depreciation  . 

Cost  of  Cars  and  Engines 
Deduct  cost  of  repair  to  Car3 

Cost  of  Engines  per  mile  . 


10  lbs. 

50  gallons 
0-06  pint 
0-015  „ 


Pence. 
1-070 
0-250 
0-270 
0-033 
0-025 
0-500 
3-300 
0-835 

6-280 
0-200 

6-080J. 


order,  but  on  the  other  hand 
compared  with  that  on  some 


It  should  be  noted  that  the  tramway  was  in  bad 

the  gradients  were  not  heavy.    The  mileage  is  small 

other  tramways.     An  engine  often  took  two  cars,  and  sometimes  three,  so  that 

the  earnings  of  the  company  were  much  greater  than  with  horses.     Each  car 

would  require  two  horses,  and  the  contract  for  horsing  was  at  Id.  per  mile. 
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Mr.  Daniel  Adamson  said  the  question  of  the  vessels  to  he  used 
for  containing  compressed  air  had  been  well  illustrated  in  the  paper, 
hoth  as  to  the  first  principles  and  the  details  of  their  construction : 
indeed  he  had  been  more  favourably  impressed  by  the  paper,  from  the 
thoroughness  and  fairness  of  its  descriptions,  than  by  almost  any  paper 
he  had  ever  heard.  The  author  limited  the  pressure  however  to 
300  lbs.  per  sq.  in. ;  and  no  doubt  he  had  done  so  from  the  difficulties 
of  getting,  first  a  vessel  to  contain  a  higher  pressure,  and  secondly 
an  apparatus  to  compress  air  to  that  higher  pressure.  There  need  be  no 
difficulty  however  upon  the  first  point.  Fig.  6,  Plate  91,  showed  a 
vessel  made  of  mild  steel,  3  ft.  in  diameter  and  9  ft.  long,  which  had 
been  tested  to  a  pressure  of  1500  lbs.  per  sq.  in.,  and  was  in  daily 
work  at  1000  lbs.  per  sq.  in.  No  doubt  the  difficulty  of  using  such  a 
pressure  with  Mr.  Moncrieff's  engine  would  arise  from  its  being  a 
direct-acting  single-expansion  engine.  If  the  cut-off  was  very  variable, 
the  work  could  not  be  accomplished  in  one  cylinder  without  an 
enormous  difference  in  the  force  at  different  times ;  but  by  the  addition 
of  other  cylinders,  giving  a  multiple  action,  the  troubles  with  the 
expansion  valve  were  reduced  to  one-half  or  one-third,  as  the  case 
might  be ;  and  not  only  so,  but  a  much  higher  pressure  could  be  used 
with  the  same  strain  upon  the  crank-shaft.  In  the  case  before  them, 
Fig.  7,  Plate  91,  the  full  pressure  of  300  lbs.  that  must  be  used  at 
starting  brought  a  corresponding  initial  force  direct  upon  the  crank- 
pin;  and  that  pressure  afterwards  diminished  until  it  fell  to  100  lbs. 
But  if  the  high  pressure  acted  only  in  a  small  cylinder,  with  a  piston 
of  one-sixth  the  area  of  the  other,  and  working  with  compound  action, 
there  would  then  be  only  one-sixth  the  force  coming  as  a  direct 
strain  upon  the  crank-pin  at  the  beginning  of  the  stroke. 

With  regard  to  working  economically  at  a  higher  pressure  than 
300  lbs.  per  sq.  in.,  he  might  say  that  the  vessel  shown  in  Fig.  6, 
Plate  91,  had  been  made  about  two  years  ago.  It  was  now  in  use  in 
London  for  Colonel  Beaumont,  and  was  working  daily  at  1000  lbs. 
per  sq.  in.  The  compressing  engines  were  compound,  with  four 
air-compressing  cylinders,  beginning  at  12  in.  diameter  and  ending, 
he  believed,  at  2^  in.  diameter.  They  gradually  passed  the  compressed 
air    forward    from    cylinder     to     cylinder,     abstracting     the    heat 
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simultaneously  with  the  compression,  and  forcing  the  pressure  up  to 
1000  lbs.  without  any  difficulty.  Beyond  that  point  very  carefully 
made  joints  and  apparatus  would  be  necessary  to  retain  the  air. 
In  his  own  case  he  bad  for  three  or  four  days  been  unable  to  get  the 
pressure  up  to  1000  lbs.  or  1200  lbs.,  simply  from  leakage  in  the 
joints  of  the  last  cylinder,  and  not  only  in  the  joints  but  in  the  joint 
brasses,  where  the  air  could  be  felt  passing  through.  These  were  good 
brass  castings,  having  a  flange  of  10  in.  diameter,  with  only  a  1-in. 
hole  through,  so  that  the  air  was  actually  passing  through  the  solid 
brass  for  a  distance  of  4^  in.  That  leakage  was  got  over  by  altering 
the  mixture  of  the  metal,  so  as  to  adapt  it  to  those  conditions ;  and 
that  was  all  the  trouble  he  had  to  contend  with.  The  vessel  was  1  in. 
thick,  and  the  tension  due  to  the  working  pressure  was  exactly  8  tons 
per  sq.  in.  of  section.  The  test  pressure  was  1500  lbs.,  or  500  lbs. 
per  sq.  in.  in  excess  of  the  working  pressure.  According  to  some 
recent  investigations,  the  vessel  under  such  a  test  pressure,  equal  to 
12  tons  tension  per  sq.  in.,  would  not  take  a  permanent  set  or  get  out 
of  shape.  He  had  passed  flat  steel  wire  round  the  vessel,  and  marked 
it  with  a  straight  line  across  the  two  laps :  then,  on  putting  on  the 
maximum  pressure  of  1500  lbs.,  there  was  not  an  atom  of  extension 
shown  by  the  straight  line  being  broken,  and  no  permanent  set  took 
place,  although  the  tension  was  12  tons  per  sq.  in.  on  the  section  of 
the  metal. 

Some  of  the  gentlemen  present  at  the  last  meeting  held  in 
Manchester  had  seen  at  his  works  Colonel  Beaumont's  six-cylinder 
engine  working  with  compressed  air  at  1000  lbs.  pressure.  He 
believed  that  engine  had  run  on  the  Metropolitan  Eailway  since 
then  as  a  trial.  The  next  engine  constructed  by  Colonel  Beaumont 
was  designed  to  use  the  same  pressure  with  only  four  cylinders — two 
sets  of  compound  cylinders,  with  cranks  at  right  angles ;  the 
expansion  being  divided  more  evenly  between  the  cylinders,  and  the 
power  being  nearly  the  same.  The  subject  had  since  been  further 
considered  by  himself  in  conjunction  with  Colonel  Beaumont,  and 
it  had  ended  in  the  construction  at  his  works  of  a  tramcar  engine 
with  only  two  cylinders,  adopting  the  marine  system  of  connecting 
the    cylinders    to  cranks  at   right  angles.      The  first  cylinder  was 
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2f  in.  diameter,  and  the  second  10  in.  The  variation  in  the  cut-off 
was  regulated  by  a  snifting  valve  (as  the  atmospheric  valve  on  the 
old  atmospheric  engine  used  to  be  called),  which  was  used  much  in 
the  same  way  as  the  inlet  valve  described  in  the  paper  ;  and  the  driver, 
in  going  along,  could  tell  by  the  sucking  in  or  discharge  of  air,  and 
by  the  chatter  of  the  valve,  whether  he  had  too  much  or  too  little 
expansion  on  his  engine,  and  could  regulate  the  cut-off  accordingly. 
The  opening  of  the  cut-off  valve  was  by  the  ordinary  link  motion, 
but  with  the  addition  of  a  variable  cut-off,  beginning  at  about  one- 
twentieth  of  the  stroke.  By  means  of  that  small  cylinder,  cutting 
off  at  one-twentieth  of  the  stroke,  they  were  enabled  to  use  a  very 
high  pressure  without  much  or  any  wire-drawing ;  and  to  continue 
working  with  the  diminishing  pressure  till  it  got  down  to  100  lbs., 
that  being  the  minimum  that  such  an  engine  would  work  at.  There 
were  some  difficulties  in  the  right-angled  position  of  the  cranks,  such 
as  must  arise  where  there  was  a  high  expansion.  Thus  when  a 
locomotive  starting  on  a  railway  had  to  start  on  the  back  stroke, 
the  driver  generally  had  to  reverse  before  he  could  go  on.  To  get 
over  that  difficulty  with  the  compound  system  of  construction,  he  had 
had  a  by-pass  valve  placed  between  the  two  cylinders,  admitting  air 
to  them  direct  from  the  reservoir.  The  driver  could  actuate  this 
valve  by  his  foot,  so  that  in  case  of  reversing  and  not  being  able 
to  get  the  air  into  the  first  cylinder,  he  could  send  it  direct  into 
the  second  cylinder  by  making  a  slight  admission  through  the 
foot-valve.  Hence  the  complexity  of  six  cylinders  was  now  reduced 
to  two. 

He  differed  entirely  from  the  author  in  saying  that  superheating 
compressed  air  was  of  little  value.  In  a  vessel  similar  to  that 
shown  in  Fig.  6,  Plate  91,  standing  with  a  pressure  of  500  lbs. 
per  sq.  in.  within  it,  he  had  merely  turned  a  jet  of  steam  under  it 
with  free  passage  over  the  top,  and  the  rise  of  temperature  in  the 
vessel,  due  to  the  condensed  steam  on  the  surface,  instantly  drove  up 
the  gauge  to  550  lbs.  There  was  thus  a  direct  gain  of  50  lbs.  jn'essure 
with  a  very  small  rise  of  temperature.  Superheating  with  ordinary 
steam,  at  a  pressure  of  say  100  lbs.,  was  a  comparatively  insignificant 
matter.     For,  according  to  Dalton's  law,  the  increase  in  volume  or 


Oct.  1881.  AIR   TRAMWAY   ENGINES.  673 

pressure  was  proportional  to  the  increase  in  temperature ;  and  the 
pressure  was  doubled,  the  volume  remaining  constant,  by  the  addition 
of  480°  Fahr.  of  temperature.  Now  it  was  quite  practicable  to 
increase  the  temperature  by  half  that  amount,  and  so  increase  the 
pressure  or  bulk  by  50  per  cent.  But  if  the  original  pressure  was 
only  100  lbs.,  then  there  would  be  only  the  advantage  of  50  lbs. 
increase  of  pressure.  "When  however  there  was  1000  lbs.  to  start 
with,  if  then  the  temperature  were  raised  by  210°,  the  increase  of 
pressure  obtained  would  be  500  lbs.  per  sq.  in.,  or  an  increase  of  bulk 
of  50  per  cent. ;  and  certainly  that  was  no  trifle,  it  was  not  a  thing 
to  be  thrown  aside.  In  adapting  that  principle  to  the  Beaumont 
engine,  with  cranks  at  right  angles,  he  used  a  small  boiler  having  say 
60  lbs.  pressure  of  steam,  or  300°  Fahr.  of  temperature,  within  it. 
By  that  means  the  air  was  superheated  in  the  first  cylinder,  and 
could  be  heated  say  up  to  250°  Fahr.,  as  a  practical  temperature. 
That  gave  the  advantage  of  increased  pressure  or  bulk  in  the  first 
instance.  The  cylinder  required  to  be  jacketed  to  keep  up  the 
temperature  as  far  as  possible,  under  the  abstraction  of  its  heat  by 
expansion.  But  further,  having  a  second  cylinder  and  placing  an 
air  reservoir  between  the  two,  with  large  heating  surfaces  and 
thin  air  spaces,  they  could  raise  the  temperature  a  second  time 
between  the  two  cylinders.  Thus,  instead  of  having  to  deal  with 
the  low  temperatures  which  had  a  tendency  to  produce  icicles  at  the 
point  of  discharge,  they  could  increase  the  bulk  or  pressure  of  the  air 
a  second  time,  at  a  small  cost  for  fuel,  exhaust  it  at  say  100°,  and 
regulate  the  operation  with  the  greatest  nicety.  In  short,  superheating 
might  be,  and  was,  comparatively  an  insignificant  factor  when  dealing 
with  low  pressures  ;  but  when  dealing  with  highly  compressed  air,  not 
having  a  high  temperature  like  high-pressure  steam,  it  was  a  different 
matter.  With  hot  steam  there  was  no  chance  of  superheating  to 
advantage,  and  all  attempts  had  failed  ;  but  when  using  air  at  60°  Fahr., 
and  raising  its  temperature  by  240°,  they  had  only  a  temperature 
to  contend  with  equivalent  to  about  60  lbs.  steam  pressure  in  the 
boiler  ;  and  this  was  far  too  low  to  produce  any  injurious  effect  on  the 
surfaces  of  the  metals.  The  cylinders  in  the  case  he  had  described 
were  made  first  of  cast  iron,  and  then  bushed  with  a  steel  tube ;  so 
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tliat,  having  long  pistons,  and  never  using  a  temperature  that  would 
burn  off  the  lubricants,  they  were  in  a  very  different  position  from 
that  which  they  occupied  when  using  high-pressure  steam  in 
connection  with  superheating. 

He  highly  commended  Mr.  Moncrieff's  attempt  to  get  horse-flesh 
off  the  tramroads,  and  to  do  the  work  at  very  much  less  cost.  The 
cost  with  his  system  was  stated  in  the  paper  (p.  6G3)  as  one- 
halfpenny  per  mile  for  fuel.  He  believed  that  to  be  correct ;  but 
with  compressed-air  at  1000  lbs.  pressure  he  thought  the  work  would 
be  done  at  a  cost  of  not  more  than  one-fourth  to  one-third  of  a  penny 
per  mile.  He  hoped  that  Manchester  would  not  be  backward  in 
recognising,  through  its  corporate  body,  these  progressive  applications 
of  science.  In  olden  times  the  Lancashire  district  was  the  first 
in  England,  and  perhaps  in  the  world,  with  regard  to  such  matters ; 
and  he  hoped  that  it  would  not  lose  its  traditional  character  by 
allowing  good  inventions  to  be  neglected. 

M.  Charles  Bergeron  said  he  had  been  asked  by  Col.  Beaumont 
to  state  that  an  engine  on  his  system  was  now  working  on  the  Stratford 
and  Leytonstone  branch  of  the  North  Metropolitan  Tramways.  The 
line  was  2 J  miles  long,  with  a  rise  of  82  feet  in  that  distance;  so 
that  each  trip,  out  and  back,  was  4J  miles.  The  consumption  of  air, 
at  1000  lbs.  pressure,  was  10  cub.  ft.  per  mile.  It  was  found  that  the 
air  could  be  compressed  for  an  expenditure  of  1  lb.  of  coal  per  cub.  ft. 
of  air  at  1000  lbs.,  and  no  difficulty  was  found  in  dealing  with  the  air 
at  that  pressure.  Taking  coal  at  10s.  per  ton,  this  would  mean  an 
expense  for  fuel  of  about  \d.  per  mile. 

Mr.  Joseph  Tomlinson,  Jun.,  said  that  with  the  first  engine  of 
Col.  Beaumont,  to  which  reference  had  been  made,  he  had  made  two 
journeys  over  the  Metropolitan  Railway.  She  had  six  cylinders,  one 
pair  of  lh  in. j  one  of  3  in.,  and  one  of  7  in.  diam.,  the  three  working 
on  each  side  being  connected.  They  started  from  the  Edgware  Road 
with  1000  lbs.  of  air,  and  the  result  of  the  journeys  showed  that  the 
engine  did  3  ton-miles  for  1  cub.  ft.  of  air,  reckoned  at  1000  lbs. 
pressure.     Such  an   engine   was    utterly   impracticable   for  a    line 
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like  the  Metropolitan  ;  but  for  purposes  such  as  tramways  he 
saw  no  reason  why  the  plan  should  not  be  adopted ;  because  the 
difficulty  with  regard  to  such  large  quantities  as  were  required  by 
the  Metropolitan  line  did  not  then  exist,  and  there  was  a  large 
margin  of  cost  to  deal  with  as  compared  with  horse-flesh.  The  paper 
stated  that  it  cost  ^d.  per  mile  for  fuel  to  work  a  7-ton  tramcar  ;  but 
the  Metropolitan  locomotives  worked  150  tons  over  1  mile  for  \\d. 
only.  He  had  calculated  that  if  Col.  Beaumout's  air  engines  were  used 
for  working  the  traffic  of  the  Metropolitan  line,  they  would  require  26 
Cornish  or  Lancashire  boilers,  40  feet  long,  continually  going  day 
and  night,  to  compress  air  enough  to  work  the  engines  that  went  out 
of  Ahlgate  Station.  Again,  with  regard  to  the  compressing  machinery, 
of  course  everything  would  have  to  be  in  duplicate,  or  perhaps  in 
triplicate ;  and  the  plant  would  altogether  occupy  some  5  acres — an 
amount  of  space  that  in  the  city  would  cost  more  than  double  the 
entire  cost  of  the  engine  stock  of  the  Metropolitan  Railway.  In 
dealing  with  such  a  railway  therefore,  the  air  engine  was  out  of  the 
field  altogether. 

The  engine  he  had  tried  weighed  ten  tons  ;  it  had  sis  pistons,  and 
of  course  six  connecting-rods,  and  ten  valves.  The  first  valve  only 
moved  1-3 2nd  inch.  On  a  line  like  the  Metropolitan,  the  driver 
would  have  continually  to  be  altering  the  cut-off  from  one  end  of  the 
journey  to  the  other.  Starting  from  Aldgate  with  1000  lbs.  pressure, 
he  would  go  to  Farringdon  Street  on  the  level ;  then  up  1  in  500  to 
King's  Cross ;    then  up  1  in   100  to  Portland  Road. 

The  President  asked  if  Mr.  Tomlinson  had  taken  a  series  of 
indicator  figures  under  those  various  conditions. 

Mr.  Tomlinson  said  he  did  not  think  that  any  indicator  ever 
made  would  suffice  for  the  first  cylinder.  There  was  another 
objection  to  the  proposed  plan,  for  a  complicated  system  like  that 
of  the  Metropolitan  Railway.  A  certain  recuperative  power  was 
wanted  from  time  to  time.  Thus,  if  in  an  ordinary  locomotive  a 
tube  burst,  they  could  get  it  plugged  up  in  a  few  minutes,  without 
losing  much  steam,  and  go  on  again ;  but  there  was  no  recuperative 
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power  of  that  kind  in  the  engine  in  question.  He  had  had  it 
pumped  up  to  1000  lbs.,  after  a  vast  amount  of  labour,  to  send  it 
to  Chatham,  where  it  would  have  more  room  to  stand ;  but  during 
the  night  one  of  the  tubes  burst,  and  in  the  morning  the  gauge  was 
found  to  show  200  lbs.,  800  lbs.  of  the  pressure  having  leaked  off  during 
the  night,  and  that  from  a  very  slight  leak.  When  the  tube  burst 
in  the  first  instance,  they  were  afraid  to  go  near  to  find  out  where 
the  leak  was ;  for  it  was  a  very  serious  matter  to  put  the  hand 
upon  a  small  hole  with  air  escaping  at  1000  lbs.  pressure.  That 
difficulty,  no  doubt,  was  got  over  to  a  great  extent  by  Mr.  Adamson's 
reservoir,  which  he  had  seen  proved  to  1200  lbs.  pressure. 

The  general  difficulties  of  dealing  with  compressed  air  had  been 
ably  pointed  out  by  Mr.  Moncrieff;  but  he  ought  to  go  still  further,  if 
he  intended  to  work  out  the  problem,  in  the  direction  of  Col. 
Beaumont's  higher  pressures.  That  seemed  to  be  the  only  way  of 
dealing  with  the  matter  economically.  He  should  also  follow  the 
direction  that  Mr.  Adamson  had  pointed  out.  It  was  absolutely 
indispensable  that  more  heat  should  be  employed.  In  the  act  of 
compressing  air,  heat  was  generated,  which  subsequently  disappeared  ; 
that  heat  must  be  got  back  again  in  some  shape  or  form ;  and  the 
best  plan  was  to  get  it  back  by  heating  the  air  at  the  inlet  valve. 

Mr.  Benjamin  Walker  observed  that  Messrs.  Kitson's  steam 
tramway  locomotive  was  working  very  successfully  in  Leeds,  and  the 
shunting  caused  less  trouble  in  the  street  than  changing  horses  from 
one  end  of  the  car  ,to  the  other.  He  believed  that  such  engines  would 
be  very  popular  and  successful,  and  would  do  the  work  much  better 
than  horses. 

Mr.  J.  G.  Ltnde  said  that  Messrs.  Kitson's  engine  was  also 
working  very  satisfactorily  on  the  tramway  from  Blackburn  to  Over 
Darwen. 

Mr.  Scott-Moncrieff,  in  reply,  said  he  had  been  asked  by 
Mr.  Allan  what  was  the  weight  of  the  car  shown  in  the  drawings, 
and  what  were  the  inclines  overcome.     He  might  mention  that  this 
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was  not  the  first  car  he  had  made.  The  first  car  had  wheels  uncoupled, 
and  it  would  overcome  an  incline  of  1  in  20.  That  being  so,  the 
present  car  with  its  coupled  wheels  would  be  able  to  go  up  an  incline 
of  1  in  10.  The  weight  of  the  car  was  7  tons  7  cvvt.,  complete  and 
ready  for  passengers. 

He  desired  to  thank  Mr.  Hughes  for  his  kind  and  generous 
remarks  towards  himself,  as  an  old  rival,  and  he  fully  reciprocated 
them.  With  regard  to  the  general  question  of  steam  versus 
compressed  air,  he  thought  he  had  sufficiently  dealt  with  that  in 
the  paper.  Mr.  Hughes  had  spoken  of  the  use  of  a  heavy  weight 
of  water  for  condensing  as  not  being  a  disadvantage  in  the  case  of 
ascending  an  incline ;  but  it  was  almost  unnecessary  for  him  to 
point  out  that  the  advantage  of  additional  weight  in  going  up  an 
incline  could  only  exist  in  the  case  of  a  separate  engine,  where  it  was 
necessary  to  have  additional  weight  in  order  to  drag  another  vehicle 
behind  it.  In  ascending  an  incline  with  a  combined  car,  having 
both  wheels  coupled,  the  weight  did  not  matter,  except  in  so  far  as 
it  might  be  said  that  the  lighter  it  was  the  better.  As  to  the 
exceptional  circumstance  of  a  fall  of  6  inches  of  snow,  it  was  not 
very  extraordinary  to  have  a  still  deeper  fall  than  6  inches ;  and  he 
presumed  if  the  snow  was  12  or  15  inches  deep,  even  Mr.  Hughes 
would  be  inclined  to  keep  his  engine  in  the  shed.  The  question  of 
such  exceptional  circumstances  was  more  or  less  one  of  expediency ; 
and  although  it  would  be  a  serious  thing  to  a  tramway  company  to 
lose  a  whole  day's  traffic,  still  neither  in  the  case  of  steam  nor  in 
that  of  compressed  air  would  there  be  any  consumption  of  corn  and 
hay  going  on,  as  with  the  present  system. 

With  regard  to  the  system  of  air  vessels  advocated  by  Mr. 
Adamson,  he  believed  that  he  himself  had  been  the  first,  six  years  ago, 
to  adopt  that  system,  as  shown  in  Fig.  5,  Plate  91,  which  closely 
corresponded  with  Mr.  Adamson's  desigu.  With  regard  to  Colonel 
Beaumont's  invention,  the  knowledge  which  the  public  had  of  it  was 
not  great ;  but  it  would  appear  that  in  his  later  efforts  he  had 
entirely  departed  from  his  original  design,  and  certainly  the 
departure  had  been  in  a  similar  direction  to  that  previously  followed 
by  himself.     Colonel  Beaumont  had  started  with  six  cylinders  and 
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had  now  come  down,  as  bo  himself  had  previously  done,  to  two.  He 
was  not  himself  prepared  to  say  that  there  would  not  be  a  great 
advantage  in  expanding  the  air  first  in  one  cylinder  and  then  in  the 
other ;  but  the  plan  he  had  himself  described  he  found  as  a  matter 
of  fact  to  work  very  satisfactorily,  although  he  was  not  prepared  to 
say  that  ho  might  not  make  efforts  to  improve  upon  it.  With 
regard  to  the  question  of  heating  the  air,  the  great  importance  of 
doing  so,  from  a  mere  dynamical  point  of  view,  was  so  evident  that 
no  one  could  ignore  it.  There  was  perhaps  no  case,  in  the  whole 
range  of  mechanical  engineering,  in  which  the  same  advantage  could 
be  taken  of  a  given  number  of  heat-units  as  in  the  case  of  a 
permanent  elastic  fluid  such  as  compressed  air.  In  the  case  of 
steam,  a  large  part  of  the  available  heat  was  expended  in  converting 
the  water  into  the  condition  of  an  elastic  fluid  before  using  it :  while 
with  air  that  elastic  fluid  was  found  in  the  reservoir  of  nature 
ready  made.  But,  as  far  as  his  experience  had  hitherto  gone,  the 
whole  question  turned  upon  the  point  whether  it  was  expedient  or 
not  to  heat  the  air  in  an  engine  of  that  particular  sort.  The 
importance  of  doing  so,  with  a  view  to  fuel  economy,  he  did  not  for 
a  moment  dispute  ;  but  if  the  effect  of  using  a  more  complicated 
apparatus,  and  a  higher  pressure  of  air,  led  to  greater  expense  and 
greater  wear  and  tear,  and  if  the  result  after  all  was  to  save  the 
difference  between  one  halfpenny  and  one-third  of  a  penny  per  mile 
(that  is,  between  his  own  figure  and  Mr.  Adamson's),  then  he  doubted 
very  much  if  the  additional  expense  and  trouble  and  inconvenience 
would  be  compensated  by  the  saving  in  fuel. 

As  reference  had  been  made  at  considerable  length  to  Colonel 
Beaumont's  engine,  he  might  be  allowed  to  add  the  following 
statement  as  regarded  the  comparative  economy  of  the  two  systems. 
In  his  letter  to  M.  Bergeron,  Colonel  Beaumont  had  stated  that  his 
engine  used  10  cub.  ft.  of  air  at  1000  lbs.  pressure  per  mile  run, 
equivalent  to  660  cub.  ft.  of  air  at  the  pressure  of  the  atmosphere. 
To  compare  this  efficiency  with  that  of  his  own  car,  carrying  forty 
passengers,  the  following  figures  were  sufficient.  In  the  receivers  of 
the  car  there  were  140  cub.  ft.  of  storage,  charged  with  air  at 
26  atmospheres  ;  giving  a  total  of  3610  cub.  ft.  of  air  at  atmospheric 
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pressure.  From  this  had  to  he  deducted  the  air  left  in  the  receivers 
at  the  end  of  a  seven-mile  journey,  namely  140  cub.  ft.  at 
9  atmospheres,  or  1260  cub.  ft.  at  atmospheric  pressure.  The 
difference,  or  2380  cub.  ft.,  divided  by  7,  gave  340  cub.  ft.  as  the 
consumption  per  mile,  against  660  cub.  ft.  required  by  the  Beaumont 
engine.  In  the  latter  case  there  was  also  the  inconvenience  of  a 
separate  locomotive,  and  the  additional  losses  of  power  arising  from 
the  higher  pressures  and  the  heating  of  the  air. 

He  had  frequently  had  occasion  to  consider  the  practicability  of 
using  compressed  air  on  a  large  scale,  for  such  a  system  as  the 
Metropolitan  Eailway  referred  to  by  Mr.  Tomlinson ;  and  he  had 
come  to  exactly  the  same  conclusion,  namely  that,  even  if  the 
system  were  applicable  in  other  ways,  the  enormous  amount  of  capital 
required,  especially  for  ground  &c,  would  nullify  from  a  financial 
point  of  view  any  advantage  that  might  arise  from  its  adoption. 
There  was  of  course  the  advantage  of  doing  away  with  noxious 
vapours  in  the  tunnel ;  but  probably  that  would  be  taken  into 
account  only  so  far  as  it  actually  prevented  persons  from  using 
the  trains,  not  as  regarded  their  feelings  when  they  were  using 
them.  Hence,  from  an  economical  point  of  view,  he  was  very 
doubtful  if  compressed  air  was  applicable  on  such  a  system  as  the 
Metropolitan  Railway.  Certainly,  if  it  were  used  on  such  a  scale, 
the  question  of  heating  the  air  would  become  of  paramount  importance. 
As  Mr.  Tomlinson  had  said,  it  became  a  totally  different  matter  from 
that  of  a  small  vehicle  passing  along  a  tramway,  in  which  the 
competing  power  was  not  steam,  but  the  expensive  force  of  horses. 
As  to  the  use  of  higher  pressures,  as  recommended  by  Mr.  Tomlinson, 
the  whole  question  after  all  was  a  practical  one.  Using  1000  lbs. 
pressure  was  very  fine  in  theory,  and  no  doubt  it  would  be  very 
admirable  in  practice  if  it  could  be  done ;  but  he  thought  the 
experience  of  most  engineers,  in  dealing  even  with  much  lower 
pressures,  would  lead  them  to  be  wary  of  resorting  to  any  such 
pressure  at  all.  If  a  vehicle  could  be  got  to  work  practically  and 
economically  at  a  lower  pressure,  the  slightly  increased  advantage  in 
the  higher  pressure  would  not  be  a  sufficient  compensation  for  the 
increased  outlay.     The  margin  in  the  case  of  a  successful  mechanical 
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motor  for  tramways,  as  compared  with  horses,  was  so  great,  that 
if  ho  once  got  an  apparatus  upon  a  thoroughly  sound  footing,  not 
likely  to  get  out  of  order  or  to  lead  to  any  great  expense,  he  should 
consider  himself  much  safer  ■  than  in  trying  to  compass  any  special 
economy  by  means  of  theoretical  advantages  not  fully  capable  of 
realisation  in  practice. 
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Annexed  to  this  report  is  a  list  of  the  books  and  detached  articles 
relating  to  the  subject  which  have  been  examined  and  considered.  It 
does  not  appear  needful  to  go  back  to  the  earlier  attempts  in  this  or 
other  countries  to  discover  the  theories  of  the  constitution  or  properties 
of  Steel,  before  Karsten  in  1827  investigated  the  conditions  of  carbon 
in  iron,  and  Jullien  in  1852  deposited  at  the  Academy  of  Science, 
Paris,  a  paper  termed  "  L'Explication  de  la  Trempe."  From  that 
period  a  good  deal  has  been'written,  chiefly  by  French  metallurgists. 

I. — Nature  and  Composition  of  Steel  and  Cast  Iron. 

Karsten  in  1827  says  that  carbon  is  contained  in  iron  in  three 
different  ways  :— (1.)  As  free  carbon  or  graphite.  (2.)  Combined  with 
the  whole  mass  of  iron.  (3.)  In  the  state  of  poly  carburet,  dissolved 
in  the  mass. 

In  1852  Jullien  advocated,  if  he  did  not  originate,  the  theory 
that  iron  and  carbon  do  not  combine  (as  true  chemical  combinations), 
but  that  the  compounds  formed  by  the  two  substances  are  what 
he  terms  "solutions,"  or,  as  we  should  translate  it  into  English, 
only  mechanical  mixtures.     Following  Karsten,  Berzelius,  and  others^ 
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he  holds  that  amalgams  and  alloys  arc  definite  combinations  dissolved 
in  excess  of  one  of  the  components.  He  defines  "combination"  to  be 
a  union  of  elements  in  definite  proportions,  the  resulting  body  being 
different  from  either  component  and  from  any  of  their  other  definite 
combinations.  "  Solutions,"  or  mechanical  mixtures,  on  the  other 
hand,  may  occur  in  any  proportions,  and  the  resulting  mixture 
participates  in  the  properties  of  each  component  in  proportion  to  its 
quantity. 

Your  Committee  find  it  difficult  to  acquiesce  in  the  latter 
portion  of  this  statement.  For  example,  the  addition  of  increasing 
proportions  of  tin  to  copper  results  in  producing  harder  compounds, 
instead  of  softer.  Under  certain  circumstances  the  addition  of  a 
small  proportion  of  tin  to  cast  iron  greatly  increases  its  hardness. 

Barba  adopts  Jullien's  view,  and  defines  steel  to  be  a  solidified 
solution  of  carbon  in  pure  iron :  (Les  aciers  sont  des  dissolutions 
solidifiees  de  carbone  dans  du  fer  chimiquement  pure.) 

Osborn  seems  to  think  that  carbon  exists  both  in  a  combined 
form  and  uncombined,  disseminated  in  the  latter  case  as  graphite ; 
but  he  does  not  define  clearly  what  he  means  by  the  word  "combined." 

Caron  considers  the  union  of  the  two  substances  to  be  a  mixture. 
Gruner  takes  the  same  view. 

o 

Akerman  adopts  the  view  that  carbon  occurs  both  in  combination 
and  as  graphite  ;  and  also  the  view  of  Einman,  that  combined  carbon 
may  be  partly  intimately  combined,  when  it  may  be  called  "  hardening 
carbon,"  and  partly  incompletely  combined,  when  it  may  be  called 
"cement  carbon."  He  does  not  define  what  he  means  by  combination, 
whether  in  definite  proportions  or  not. 

Your  Committee  have  not  found  any  modern  author  holding  the 
opinion  that  the  various  combinations  of  iron  with  carbon,  and  with 
other  substances  found  in  steel  and  cast  iron,  are  definite  chemical 
unions  with  excess  of  either  one  or  other  of  the  component  bodies. 
The  elaborate  evidence  adduced  by  Jullien,  which  does  not  appear  to 
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have  been  combated,  makes  it  highly  probable  that  steel  and  cast  iron 
are  only  mechanical  mixtures  of  carbon  and  some  other  substances  in 
pure  iron. 

II. — Quantity  of  carbon  in  steel  and  cast  iron,  and  its  state. 

Baeba  considers  that  the  solution  of  carbon  in  molten  iron 
follows  the  ordinary  laws  of  solution,  that  is  : — ■ 

(1.)  The  quantity  of  carbon  which  iron  can  contain  in  solution 
increases  with  the  temperature. 

(2.)  By  slow  cooling  a  part  of  the  carbon  separates  from  solution 
and  is  brought  into  a  state  of  mixture. 

(3.)  With  rapid  cooling,  or  sufficient  exterior  pressure,  the  greater 
part  of  the  carbon  remains  in  "  solution ;  "  rapid  cooling  acting  by 
the  pressure  it  produces ;  and,  if  the  carbon  is  merely  mixed,  exterior 
pressure  producing  solution  more  or  less  complete  according  to  the 
intensity  of  the  pressure. 

(4.)  The  temperature  at  which  steel  solidifies  decreases  as  the 
quantity  of  carbon  it  contains  augments. 

He  remarks  that  experimental  demonstration  is  wanting  to  show 
that  pressure  is  favourable  to  preserving  "  solution  "  when  cooling. 

Osborn  says  that  rapid  solidification  favours  the  retention  of 
carbon  in  the  combined  state,  and  by  that  means  it  is  possible  to 
change  grey  cast  iron  into  white. 

Jullien  states  (1852)  that  the  properties  which  the  solutions  of 
carbon  in  iron  exhibit  are  due  exclusively  to  the  rate  at  which  the  hot 
solutions  are  cooled.  Following  Karsten  he  says  that  the  liquid 
solutions  of  carbon  in  iron  are  homogeneous,  because  rapidly  cooled 
solid  "  solutions  "  are  found  to  be  so.      He  considers  that : — 

(1.)  Melted  cast  iron  is  a  solution  of  liquid  carbon  in  liquid  iron. 

(2.)  Grey  and  soft  cast  iron  is  a  solution  cooled  slowly,  and 
converted  into  a  mixture  of  mild  steel  and  amorphous  carbon  or 
graphite. 

(3.)  Grey  cast  iron  heated  cherry-red  and  plunged  into  cold  water 
is  a  mixture  of  hardened  steel  and  graphite. 
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(4.)  White  cast  iron  is  a  solution  cooled  rapidly,  and  consists  of  a 
mixture  of  crystallised  carbon  in  amorphous  iron. 

(5.)  White  cast  iron  reheated,  while  protected  from  the  atmosphere, 
and  become  grey  and  soft,  is  grey  and  soft  cast  iron. 

(G.)  White  cast  iron  heated  in  contact  with  air,  and  grey  or  white 
iron  reheated  in  closed  vessels  in  a  cement  of  metallic  oxide,  become 
mild  steel. 

(7.)  Steel  heated  cherry-red  is  a  mixture  of  liquid  carbon  in 
solid  iron. 

(8.)  Mild  steel  is  a  mixture  of  amorphous  carbon  in  iron  either 
amorphous  or  crystallised. 

(9.)  Hardened  steel  is  a  mixture  of  crystallised  carbon  in 
amorphous  iron. 

He  further  states  that  iron  absorbs  carbon  at  temperatures  ranging 
from  cherry-red  to  welding  heat,  and  up  to  a  quantity  equal  to 
5  •  25  per  cent,  of  the  mixture ;  that  the  properties  of  steel  apj)roach 
those  of  iron  in  inverse  proportion  to  the  quantity  of  carbon ;  and 
that  the  presence  of  carbon  not  only  increases  the  fusibility  of  the 
alloy,  but  communicates  to  it,  in  certain  cases,  properties  belonging 
exclusively  to  crystallised  carbon  or  diamond. 

He  also  states  that  the  temperature  of  fusion  of  grey  cast  iron  is 
higher  in  proportion  as  the  quantity  of  graphite  is  greater,  while  the 
temperature  of  solidification  is  lower  in  proportion  as  the  quantity  of 
dissolved  carbon  in  the  fluid  mass  is  greater.  The  lower  therefore 
the  temperature  of  solidification  of  grey  cast  iron,  the  higher  is  its 
point  of  fusion ;  it  is  only  steel  that  has  the  same  temperature  of 
fusion  and  solidification.  This  property  of  cast-iron  is  common  to 
many  bodies,  such  as  bismuth,  tin,  sulphur,  and  water,  under 
favourable  conditions  of  cooling. 

Caeon  states  that  steel,  if  hardened  by  being  heated  to  redness 
and  cooled  rapidly,  and  then  dissolved  in  strong  hydrochloric  acid, 
leaves  no  residue;  that  the  same  steel,  if  raised  rapidly  to  a  red 
heat,  and  allowed  to  cool  slowly,  will,  if  dissolved  as  before,  leave 
a  residue  of  carbon,  which  dissolves  on  being  heated;  and  that 
the  same  hardened  steel,  if  annealed  by  being  kept  at  a  red  heat  for 
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a  long  time  and  allowed  to  cool  slowly,  dissolves  more  easily,  but 
leaves  a  residue  of  carbon  insoluble  even  in  hot  acid. 

The  conclusions  he  draws  are,  that  in  the  first  case  the  iron  and 
carbon  are  intimately  united  and  dissolve  together ;  in  the  second 
case  the  union  is  not  so  intimate,  therefore  the  more  soluble  body 
dissolves  first,  and  the  carbon,  which  is  not  quite  modified,  yields 
last ;  and  in  the  third  case  the  carbon  is  free,  and  shows  it  by  its 
property  of  resisting  acids. 

What  Caron  terms  a  solution  of  iron  or  carbon  in  hydrochloric  acid 
appears  to  your  Committee  to  be  probably  a  "  double  decomposition." 
Carbon  is  very  unchangeable,  resists  the  action  of  acids  and  alkalies, 
and  bears  the  most  intense  heat  in  close  vessels  without  fusing  or 
undergoing  any  perceptible  change.  Baumhauer  confirms  these 
statements  with  respect  to  diamond,  and  relates  the  experiments  by 
which  they  are  proved.  He  also  states  that  a  diamond,  when  heated 
for  a  long  time  to  whiteness  in  carbonic  acid  gas,  showed  prismatic 
colours  on  some  of  its  facets. 

o 

Akerman  states  that  graphite  is  only  mechanically  incorporated 
in  pig  iron,  and  can  be  separated  by  dissolving  the  iron  in  acid.  The 
combined  carbon,  on  the  other  hand,  when  the  iron  is  dissolved  in 
boiling  hydrochloric  acid,  escapes  as  carburetted  hydrogen,  provided 
proper  attention  is  given  to  the  dissolving  process,  so  that  the  boiling 
commences  almost  immediately  after  the  addition  of  the  iron  to  the 
acid,  and  is  continued  uninterruptedly  for  a  sufficient  length  of  time 
without  access  of  air.  When  dissolved  in  cold  acid,  and  warmed  a 
little  time  after,  a  part  of  the  combined  carbon  remains  as  a  black 
residue,  especially  if  air  has  ready  access.  He  also  quotes  Caron's 
and  Binman's  statements  with  respect  to  the  solution  of  steel  in  acid. 

Gruner  states  that  each  temperature  corresponds  to  a  maximum 
of  solubility,  and  that  this  solubility  rises  and  falls  both  in  the  fluid 
and  solid  states.  Whenever  a  carburetted  iron  (steel  or  cast  iron) 
cools  slowly,  an  intimate  mixture  of  iron  and  particles  of  graphite  is 
produced,  as  in  the  case  of  untempered  steel   and  grey  cast  iron. 
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When  carburcttcd  irons  are  cooled  quickly,  the  separation  of  carbon 
is  rendered  impossible  for  want  of  time,  and  carbon  remains  dissolved 
in  tbe  iron  at  ordinary  temperatures ;  saturation  then  results.  The 
mixture  becomes  hardened  steel  when  the  proportion  of  carbon  is 
below  1*5  per  cent.,  and  white  cast  iron  when  above  that  quantity. 

III. — Substances  other    than   Carbon  entering  into  the  composition  of 

Steel. 

Dr.  Siemens  is  of  opinion  that  high-class  steel  should  contain  only 
iron  and  carbon  :  the  hardness,  temper,  ductility,  elasticity,  toughness, 
and  strength  depending  upon  the  relative  proportion  of  these  two 
elements.  But  as  it  is  almost  impossible  to  produce  such  pure  metal, 
other  substances,  which  must  however  be  considered  as  impurities, 
have  to  be  admitted  :  these  impurities  have  a  certain  influence  in 
rendering  steel  hard,  or  rather  in  making  it  brittle ;  thus  if 
phosphorus  is  allowed,  a  certain  dose  of  manganese  Las  to  be  added 
to  prevent  cold-shortness,  and  a  smaller  quantity  of  carbon  must  be 
used.  Manganese  is  a  treacherous  element  in  steel,  as  its  distribution 
is  not  uniform,  and  thus  a  homogeneous  compound  is  not  produced. 

According  to  Fernie,  a  sample  of  Krupp  steel  contained  1*18  per 
cent,  of  carbon  and  a  trace  of  manganese,  and  a  sample  of  American 
steel  0  •  23  per  cent,  of  carbon  and  no  manganese ;  the  latter  constituted 
soft  metal  fit  for  fire-boxes.  Fremy  (1864)  advanced  the  theory  that 
nitrogen  was  an  essential  component  of  steel ;  that  steel  was,  in  fact, 
a  nitro-carbui  et  of  iron.  Caron  however  considers  it  proved  that  all 
kinds  of  iron  contain  feeble  quantities  of  nitrogen,  0*00011  per  cent., 
and  considers  that  it  must  be  looked  upon  as  an  imjmrity  just  like 
silicon,  sulphur,  and  phosphorus.  According  to  F.  C.  G.  Muller, 
it  has  been  proved  that  hydrogen,  nitrogen,  and  carbonic  oxide  are  to 
be  found  in  the  pores  of  Bessemer  and  Siemens-Martin  steel. 

Cyanogen,  tungsten,  chromium,  platinum,  silver,  and  other 
substances  have  been  mixed  with  steel  with  a  view  to  give  it  certain  high 
qualities  ;  but  Chernoff,  Dr.  Siemens,  and  many  others  are  of  opinion 
that  true  steel  is  a  mixture  or  combination  of  carbon  and  pure  iron 
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alone,  and  that  all  other  substances  are  impurities  necessarily  injurious 
in  pure  steel,  though  sometimes  apparently  beneficial  if  they  exclude  or 
neutralise  more  injurious  substances.  Boman  states  that  Bessemer 
steel  No.  1  (which  is  necessarily  impure),  containing  only  2  per  cent. 
of  carbon,  is  hardly  malleable ;  while  Anosoff  found  that  the  hardest 
"boulat"  (the  sabre  steel  of  the  Tartars),  which  is  perfectly  pure, 
retained  its  malleability  though  it  contained  3  per  cent,  of  carbon. 

IV. — Hardening  of  Steel. 

Jullien  holds  that  carbon  in  contact  with  iron  at  cherry-red  heat 
becomes  liquid,  and  is  absorbed  like  water  in  a  sponge,  like  oxygen 
in  liquid  silver,  or  like  gas  in  porous  bodies ;  cooled  slowly,  the 
carbon  becomes  amorphous,  and  the  steel  becomes  soft  as  iron ; 
cooled  quickly,  the  carbon  crystallises  to  depths  proportioned  to  the 
energy  of  cooling,  and  steel  becomes  diamond  set  in  iron. 

In  your  Committee's  opinion  this  theory,  even  if  it  accounts  for 
the  hardening  of  steel,  does  not  account  for  tempering.  What  takes 
place  when  hardened  steel  is  heated  and  passes  through  all  the 
gradations  of  hardness  indicated  by  their  characteristic  colours  ? 

Jcllien  quotes  Berzelius  as  stating  that  when  a  saline  solution, 
saturated  or  not,  is  allowed  to  cool  quickly  almost  to  the  congealing 
point,  the  periphery  which  is  first  cooled  becomes  less  saline  than  the 
centre  ;  until  at  last,  when  the  entire  mass  has  solidified,  the  dissolved 
salt  is  found  concentrated  in  the  centre.  From  this  fact  he 
infers  that  two  bodies  dissolving  each  other,  and  preserving  their 
independence  in  solution,  must  produce  solid  compounds  of  varying 
properties  according  to  the  rate  at  which  cooling  takes  place. 

Furthermore  all  solid  bodies  are  susceptible  of  two  different 
molecular  structures,  dependent  on  the  rate  of  cooling  from  the  fluid 
state  ;  but  this  rate  of  cooling  does  not  produce  the  same  results  on 
all.  Thus  gold,  silver,  and  copper,  if  cast  in  chills,  yield  a  fibrous 
structure,  while,  if  cast  in  sand  moulds,  they  exhibit  a  crystalline 
fracture  ;  and  the  fibrous  structure  can  be  changed  into  the  crystalline 
by  a  temperature  short  of  fusion.     Carbon  and  glass  behave  quite 
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otherwise.  Diamond,  exposed  sufficiently  long  to  a  liigli  temperature 
in  a  covered  crucible,  becomes  amorphous  or  graphite  :  hence  it  may- 
be concluded  that,  if  it  could  be  taken  liquid  and  subjected  to  energetic 
cooling,  it  would  crystallise  ;  while  under  slow  cooling  it  would 
become  graphite.  Glass,  taken  liquid  and  submitted  to  energetic 
cooling,  crystallises ;  but  when  annealed,  it  becomes  amorphous  or 
ceramised.  Eupert's  drops,  which  are  transparent  crystallised  glass, 
become  opaque  if  heated  for  a  long  time.  He  therefore  considers  that 
a  mixture  of  iron  and  carbon,  if  cooled  quickly,  becomes  hard  because 
the  carbon  crystallises  into  diamond ;  while,  if  it  is  cooled  slowly,  the 
carbon  remains  amorphous  and  comparatively  soft.  Chilled  grey  cast 
iron  has  a  mottled  band  between  the  chilled  and  unchilled  parts; 
this  is  the  zone  where  the  carbon  is  partly  crystalline  and  partly 
amorphous. 

Gruner  considers  that  carbon  is  dissolved  in  hot  iron  :  that  when 
cooled  slowly  the  carbon  has  time  to  separate  as  graphite,  but  when 
cooled  quickly  there  is  no  time  for  separation  ;  and  white  chilled  iron 
instead  of  grey  cast  iron  is  the  result.  Soft  and  hard  steel  show  a 
similar  difference  though  to  a  less  degree. 

Barb  a  and  Akerman  consider  that  the  compression  resulting  from 
rapid  cooling  is  the  cause  of  a  greater  amount  of  carbon  being  retained 
in  solution,  and  prevented  from  separating  as  graphite. 

Your  Committee  find  it  difficult  to  accept  this  theory,  because  the 
compression  of  the  internal  portion  of  a  piece  of  steel  is  caused  by 
the  contraction  of  the  outer  layers ;  and  these  therefore  must  be 
stretched,  as  indeed  it  is  well  known  that  they  are.  But  in  hardened 
steel  the  outer  layers,  which  were  most  energetically  cooled,  are 
the  hardest,  although  they  must  have  been,  and  probably  are,  in  a 
state  of  tension.  Akerman  however  considers  that  compression,  or 
forcing  together  of  the  particles,  the  amount  of  which  is  dejicndent 
on  the  rapidity  of  cooling,  produces  hardening ;  and  that  the  intensity 
of  this  hardening  depends  on  the  compactness  of  the  material  and  its 
limits  of  elasticity.  By  way  of  proof  he  states  that  cold-working, 
rolling,  and  wire-drawing  produce  similar  results. 
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V. — The  molecular  changes  that  occur  in  hardening,  tempering,  and 

annealing. 

The  theory  announced  by  Chernofp  in  18G8  to  the  Imperial 
Eussian  Technical  Society  appears  to  explain  in  a  satisfactory  manner 
the  molecular  changes  that  take  place  in  steel  when  subjected  to 
changes  of  temperature.     His  view  is  that : — 

(1.)  There  is  a  certain  temperature  a,  such  that  steel  of  whatever 
quality  will  not  harden  if  heated  to  any  temperature  below  a  and 
energetically  cooled. 

(2.)  There  is  some  higher  temperature  b,  above  which  steel 
changes  from  the  crystalline  to  the  amorphous  condition. 

(3.)  If  heated  to  a  temperature  between  a  and  b,  steel  may 
harden,  but  does  not  change  its  structure  whether  cooled  quickly  or 
slowly. 

(4.)  If  heated  above  the  temperature  b,  and  up  to  the  melting 
point,  steel  has  a  wax-like  structure,  is  incompressible,  and  tends  to 
crystallise  into  large  crystals  if  left  to  cool  slowly  undisturbed,  but 
into  smaller  crystals  if  hammered  or  if  rapidly  cooled. 

Fine  grain  is  essential  to  good  tough  steel ;  hence,  by  heating 
up  to  the  temperature  b,  so  as  to  produce  the  amorphous  condition, 
and  then  cooling  suddenly  to  below  a  in  oil  or  water,  good  steel  can 
be  obtained.  The  temperatures  a  and  b  vary  with  the  nature  of  the 
steel. 

ChernofF  illustrates  his  views  by  reference  to  the  behaviour 
of  alum  undergoing  crystallisation;  and  the  close  reasoning  of  his 
remarkable  paper  carries  a  strong  conviction  of  the  correctness 
of  the  views  he  advocates.  There  are  abundant  illustrations  of  his 
theory  to  be  found  in  the  many  writers  on  steel  who  have  been 
consulted.  Thus  Hackney  states  that  quenching  mild  steel  improves  its 
tenacity  and  ductility.  Eiley  expressed  an  opinion  that  it  was  not  so 
much  the  percentage  of  carbon  as  the  way  in  which  the  rails  had  been 
cooled  that  should  be  taken  into  consideration,  when  two  rails  of  the 
same  chemical  composition  differed  in  hardness.  Barba  states  that 
annealing  should  not  be  done  at  too  high  a  temperature,  otherwise  the 
steel  will  crystallise  with  slow  cooling,  will  lose  elasticity,  and  become 
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what  is  ordinarily  called  "  burned."  Caron  states  that  "  burned  "  iron 
can  bo  restored  by  raising  it  to  a  white  heat,  and  then  placing  it 
under  the  rapid  action  of  a  steam  hammer.  Chernoff  also  describes 
and  explains  the  case  of  a  "  burned  "  ingot  of  steel,  which  he  treated 
in  the  above  manner  and  restored  to  its  proper  condition.  Osborn 
states  that  steel  has  a  remarkable  property  of  remaining  in  a  pasty 
condition  through  a  considerable  range  of  temperature  below  its 
melting  point ;  and  that  bar-iron  acquires  a  largely  crystalline 
structure  when  exposed  for  a  long  time  to  heat  considerably  below 
fusion. 

Professor  Gore  in  I860,  and  subsequently  Professor  Barrett 
in  1873,  drew  attention  to  certain  anomalies  that  occurred  in  the 
expansion  and  contraction  of  iron  wire :  and  in  1877  Professor 
Norris  jmblished  the  results  of  his  experiments  on  the  same 
subject,  which  appear  to  confirm  Chernoff' s  theory  in  a  remarkable 
manner.  In  cooliug  a  strained  iron  wire  from  redness,  it  was  found 
that  the  contraction  due  to  cooling  was,  at  a  certain  point  and  for  a 
limited  period,  changed  into  an  action  of  elongation.  In  good  iron 
wire  this  irregularity  could  not  be  detected,  but  in  hard  wire  and  steel 
it  was  very  apparent.  The  wire  has  to  be  raised  to  a  very  high 
temperature  before  the  temporary  elongation  during  cooling  can  bo 
seen ;  and  it  does  not  take  place  if  the  wire  is  heated  only  just  beyond 
the  temperature  at  which  it  occurs.  Professor  Norris's  researches 
have  led  him  to  the  following  conclusions : — 

1.  "  That  in  steel,  and  in  iron  containing  free  carbon,  there  is  a 
contraction  or  shortening  which  is  excited  by  heat,  and  which  j)roceeds 
simultaneously .  with  the  dynamical  expansion  and  masks  its  true 
amount.    This  is  divisible  into  high  and  low-temperature  contraction. 

2.  "  That  similarly  there  is  a  cooling  expansion  or  crystallisation, 
which  comes  in  during  the  dynamical  contraction  and  masks  its 
true  amount. 

3.  "That  these  effects,  due  to  crystallisation  and  decrystallisation. 
are  the  causes  of  the  so-called  '  kicks,'  or  temporary  contractions  and 
expansions,  which  occur  during  the  heating  and  cooling  respectively 
of  the  steel. 
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4.  "  That  the  low-temperature  contraction  and  cooling  expansion 
are  due  to  decrystallisation  and  crystallisation,  which  occur  during 
the  acts  of  heating  and  cooling ;  while  the  '  kicks '  themselves  are 
simply  the  thermal  effects  associated  with  these  changes,  and  are 
proportionate  to  their  extent. 

5.  "  That  protracted  annealing,  i.e.  extremely  slow  cooling,  brings 
about  molecular  separation  of  the  carbon  and  iron.  Steel  in  such  a 
state  contracts  greatly  when  high  temperatures  are  reached,  producing 
the  effects  of  contraction  which  are  seen  at  the  end  of  the  heating,  and 
which  are  due  to  the  condensation  produced  by  the  recombination  of 
the  carbon  and  iron.  Steel  in  this  state  is  less  susceptible  to  cooling- 
expansion  (or  crystallisation),  and  therefore  to  low-temperature 
contraction  on  subsequent  heating." 

It  would  seem  that  the  "  kicks "  observed  by  Professor  Norris 
probably  occur  somewhere  in  the  region  of  Chernoff's  temperatures 
a  and  b,  where  a  change  in  the  molecular  structure  of  steel  appears 
to  take  place  according  to  his  theory.  At  any  rate  it  is  plain  that 
molecular  changes  of  some  kind  do  occur,  and  manifest  themselves 
by  altering  the  bulk  of  the  metal. 

It  has  already  been  stated  that  Miiller  has  demonstrated  the 
presence  of  hydrogen,  nitrogen,  and  carbonic  oxide  in  the  pores  of 
Bessemer  and  Siemens-Martin  steel. 

Edison,  at  the  meeting  of  the  American  Association  for  the 
advancement  of  Science  at  Saratoga,  in  1879,  extended  the 
observations  of  Dobereiner,  St.  Claire-Deville,  Troost,  Faraday, 
and  Graham ;  and  not  only  applied  the  facts  ascertained  to 
explain  the  destruction  of  refractory  metals,  such  as  platinum 
and  iridium,  under  long-continued  high  temperatures,  but  discovered 
the  means  of  overcoming  those  defects,  which  had  proved 
a  serious  hindrance  to  the  extension  of  electric  lighting. 
Edison  noticed  that  the  effect  of  incandescence  on  wires  was  to 
produce,  all  over  their  surface,  innumerable  fine  cracks.  When  the 
incandescence  was  maintained  for  twenty  minutes,  these  fissures 
became  so  enlarged  as  to  be  visible  to  the  naked  eye  ;  and,  when  still 
further  continued  for  several  hours,  the  cracks  united  and  the  wires 
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fell  to  pieces.  A  number  of  experiments  led  him  to  the  conclusion 
that  the  cracking  of  the  surface  of  the  metal  is  clue  entirely  to 
the  occluded  gases,  imprisoned  within  its  pores,  which  become 
expanded  and  are  driven  out  under  the  action  of  heat.  By  heating 
spirals  of  platinum  wire  gradually,  by  means  of  a  transmitted  electric 
current  of  periodically  increasing  strength,  and  within  an  exhausted 
chamber,  the  gaseous  substances  contained  within  the  metal  were 
gradually  withdrawn  ;  and  by  allowing  the  metal,  in  the  interval 
between  each  increase  of  temperature,  to  cool  down  in  vacuo,  a  series 
of  expirations  from  the  surface  took  place,  alternating  with  a  closing 
up  and  welding  together  again  of  the  minute  fissures  through  which 
the  gentle  heating  in  vacuo  had  enabled  the  gases  to  escape.  By 
continuing  this  simple  operation  it  has  been  found  possible  to  change 
completely  the  physical  character  of  metals ;  increasing  their  hardness 
and  density  to  an  extraordinary  degree,  and  raising  their  points 
of  fusion  so  high  that  they  are  perfectly  unaffected  at  temperatures  at 
which  most  substances  would  be  melted  and  even  volatilised.  A  spiral 
of  ordinary  platinum  at  a  white  heat  softens,  and  loses  its  elastic  and 
rigid  character ;  but  platinum,  after  having  been  treated  in  the 
manner  above  described,  becomes  as  rigid  as  steel,  and  as  homogeneous 
as  glass ;  and  retains  these  properties  when  glowing  under  the  most 
intense  incandescence.  The  metal  so  transformed  cannot  be  annealed 
by  any  known  process. 

It  appears  to  the  Committee  that  the  expulsion  of  the  gases 
contained  in  the  body  of  the  metals  may  have  the  effect  of  bringing  the 
ultimate  atoms  closer  together,  increasing  thereby  the  force  of  their 
cohesion,  and  consequently  resisting  more  strongly  any  rearrangement 
that  would  be  necessary  in  annealing.  It  would  appear  also  that  the 
existence  of  gases  in  the  pores  of  metals  is  an  attribute  of  their 
normal  states  ;  and  that  the  expulsion  of  the  gases  increases  hardness 
and  necessarily  raises  the  melting  point  on  account  of  the  stronger 
cohesion  of  the  atoms.  May  it  not  be  that  the  sudden  contraction 
in  hardening  steel  has  the  effect  of  expelling  occluded  gases; 
that  subsequent  tempering,  by  raising  the  temperature,  has  the  effect 
of  permitting  a  fresh  absorption;    and  that  the  iridescent  colours 
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which  accompany  tempering  are  due  to  the  change  of  surface  caused 
by  the  infiltration  of  gases  ? 

Another  view  is  that  the  mere  heating  of  steel  to  the  proper 
temperature  for  hardening  is  sufficient  to  expel  a  portion  of  the 
gases,which  are  kept  out  by  sudden  cooling,  and  are  slowly  reabsorbed 
iu  tempering.  Graham  states  that  platinum  at  a  low  red  heat  will 
absorb  four  times  its  volume  of  hydrogen,  and  that  palladium  condenses 
more  than  600  times  its  volume  of  hydrogen  at  a  temperature  below 
that  of  boiling  water.  May  not  steel  therefore  possess  analogous 
properties  with  respect  to  some  of  the  gases  constituting  the  air'? 
May  it  not  absorb  these  more  freely  as  the  temperature  of  tempering 
rises,  and  so  gradually  become  restored  to  its  original  softness  ? 

VI. — Directions  in  ivhicli  further  investigation  appears  to  be  needed. 

1.  To  investigate  whether  Edison's  theory  can  be  applied  to  the 
explanation  of  the  hardening  and  tempering  of  steel ;  and  to  ascertain 
by  experiment  whether  absorption  and  expulsion  of  gases  take  place. 

2.  To  determine  by  analysis  whether  any  chemical  difference  exists 
between  the  outer  and  inner  layers  of  a  piece  of  hardened  steel,  which 
before  hardening  was  of  homogeneous  structure. 

3.  To  ascertain  whether  there  is  any  connection  between  Chernoff 's 
theory  and  Norris's  observations  on  the  contraction  and  expansion  of 
wires. 

Signed  on  behalf  of  the  Committee,  5  Nov.,  1879, 

W.  Anderson, 

Chairman  and  Reporter. 
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MEMOEANDUM  ON  EESULTS  OF  PEELIMINAEY 
EXPEEIMENTS    MADE    WITH    THIN  DISKS   OF   STEEL. 


By  Pbofessor  F.  A.  ABEL,  C.B.,  F.E.S.,  Hon.  Mem.  Inst.  C.  E. 


(Published  by  order  of  the  Council.) 


Two  series  of  disks  Lave  been  supplied  to  me  for  purposes  of 
comparative  examination,  by  Mr.  Arthur  Paget,  of  Loughborough. 

The  first  series,  received  in  May  1881,  comprised  six  sets  of 
three  disks  each,  the  nature  of  the  several  sets  being  described 
as  follows  : — 

1.  As  received  from  cold  rolling. 

2.  Annealed. 

3.  Hardened  in  water. 

4.  Hardened  between  cold  plates. 

5.  Hardened  between  cold  plates  and  tempered  to  straw  colour. 
G.  Hardened  between  cold  plates  and  tempered  to  blue  colour. 
The  plates  were  2-5  in.  diam.  and  0  ■  01  in.  thick. 

This  series  was  chiefly  employed  for  experiments  of  a  preliminary 
character,  partly  with  the  object  of  deciding  upon  the  methods  of 
examination  to  be  adopted,  and  partly  with  a  view  to  ascertain 
whether  it  might  be  possible  to  obtain  any  insight  into  the  structure 
of  the  steel  in  its  different  conditions,  as  presented  by  these  disks. 

The  surfaces  of  the  disks  were  in  every  instance  carefully 
cleaned,  by  washing  with  ether ;  those  which  were  employed  for 
purposes  of  analysis  were,  moreover,  rubbed  bright  with  very  fine 
emery -flour. 

Samples  of  the  disks  described  as  i:  hardened,"  "  tempered  to 
straw  colour,"  and  "  annealed,"  were  submitted  to  the  very  gradual 
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solvent  action  of  a  chromic  acid  solution  (prepared  by  mixing  a 
solution  of  potassium  bichromate,  saturated  in  the  cold,  with  ^g-th 
of  its  volume  of  pure  concentrated  sulphuric  acid).  Several  devices 
were  tried  for  the  purpose  of  so  exposing  the  pieces  of  steel  to 
the  action  of  the  liquid  that  any  portions  remaining,  after  the  process 
of  solution  was  complete,  should  retain  the  position  they  held 
before  the  rest  was  eliminated.  But,  however  carefully  the  liquid 
was  afterwards  removed,  it  was  found  impossible  to  avoid  disturbing 
the  portions  of  the  disks  which  had  remained  insoluble,  and  which, 
in  some  instances,  were  very  small  in  amount. 

The  "  annealed  "  steel  was  not  attacked  by  the  liquid  for  about 
seven  hours  after  immersion :  it  then  passed  into  solution  slowly, 
with  very  little  evolution  of  hydrogen. 

The  "  straw-tempered "  steel  began  at  once  to  dissolve,  with 
considerable  disengagement  of  gas ;  and  the  "  hardened "  steel 
dissolved  somewhat  less  rapidly,  also  with  disengagement  of  much 
gas. 

When  the  action  of  the  solvent  was  complete,  the  "  hardened  " 
sample  was  found  to  have  left  a  very  small  quantity  of  a  black 
substance,  which,  under  the  microscope,  did  not  appear  to  present 
a  decided  graphitic  structure.  The  "straw-tempered"  sample 
furnished  scarcely  any  residue ;  there  were  however  a  very  few 
spangly  particles  and  black  thin  filaments,  which,  under  the 
microscope,  presented  a  somewhat  graphitic  appearance.  A 
considerable  quantity  of  black  matter  was  furnished  by  the 
"  annealed  "  sample,  and  this  presented,  under  the  microscope,  the 
appearance  of  beautiful  spangles. 

This  residue  from  the  annealed  steel  was  boiled  in  a  solution 
of  potassium  hydrate  (sp.  gr.  1*1),  and  then  in  dilute  hydrochloric 
acid ;  a  very  appreciable  amount  of  black  matter  still  remained, 
presenting  when  magnified  a  distinct  graphitic  appearance,  though 
the  particles  were  not  so  brilliant  as  the  original  residue. 

It  was  observed  that  some  of  these  undissolved  particles  were 
attracted  by  the  magnet  :  this  pointed  to  their  being  a  carbon- 
iron  combination,  and  this  fact  was  thoroughly  established  by  further 
experiments,  to  be  presently  described. 
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Disks  of  three  varieties  of  steel,  viz.,  "  hardened  between  cold 
plates,"  "  ditto,  tempered  to  a  blue  colour,"  and  "  annealed,"  were 
exposed  for  two  hours  to  the  action  of  100  cubic  centimetres  of  a  warm 
solution  of  hydrochloric  acid  (sp.  gr.  1-13).  The  hardened  sample 
dissolved  entirely;  the  blue  tempered  steel  left  a  very  small  quantity 
of  black  residue ;  the  annealed  disk  furnished  a  considerable 
quantity  of  residue  of  similar  appearance.  These  residues  were  first 
washed  with  water,  and  afterwards  with  alcohol,  ether,  and  water 
successively ;  they  were  then  digested  with  potassium-hydrate 
solution  on  a  water  bath  for  several  hours.  The  portions  remaining 
insoluble  were  washed  with  water,  and  treated  with  concentrated 
hydrochloric  acid.  Of  the  residue  from  the  blue  tempered  steel, 
only  a  minute  quantity,  of  a  black  colour,  remained  after  this 
treatment ;  the  residue  from  the  annealed  sample  furnished  a  small 
quantity  of  flocculent  light-brown  matter. 

The  total  amount  of  carbon  was  determined  in  another  disk 
of  each  of  the  above  three  descriptions  of  steel,  the  process  employed 
being  that  known  as  the  copper-chloride  process,  which  has  been 
used  by  me  extensively  for  many  years,  and  has  been  found  to 
be  thoroughly  trustworthy. 

The  percentages  of  carbon  furnished  by  the  three  samples  were 
as  follows : — 

Hardened  between  cold  plates      .      .      .     0  ■  786  per  cent. 
Ditto,  and  tempered  to  a  blue  colour       .     0-S15        „ 
Annealed 0-170       „ 

On  these  results  being  communicated  to  Mr.  Paget,  I  learned 
from  him  that  the  disks  with  which  he  had  supplied  me  were 
made  from  two  strips  taken  from  the  same  bundle,  and,  so  far  as 
he  was  aware  (and  indeed  almost  certainly),  the  entire  bundle 
was  originally  cut,  before  the  cold  and  cross  rolling,  from  one  and 
the  same  sheet. 

This  being  so,  the  great  difference  between  the  proportion  of 
carbon  in  the  annealed  sample,  and  the  proportions  in  the  hardened 
and  tempered  samples,  would  appear  (if  not  purely  accidental)  to  be 
due  to  the  different  treatment  to  which  the  steel  had  been  subjected. 
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The  hardening  process  was  described  to  me  by  Mr.  Paget  as  follows. 
The  disks  to  be  hardened  were  placed  between  two  cast-ivon  blocks, 
one  being  recessed  to  receive  the  plates,  and  the  other  perfectly  flat. 
These  blocks  were  equally  heated  to  a  bright  red ;  a  disk  was  then 
placed  between  them,  and  allowed  to  remain  there  until  thoroughly 
and  equally  heated ;  it  was  then  instantaneously  removed,  and  as 
quickly  as  possible  caught  and  pressed  between  two  cast-iron  surface- 
plates.  In  submitting  the  disks  to  the  annealing  process,  they  were 
bolted  between  wrought-iron  plates  -jj-  in.  thick,  and  these  were  then 
enclosed  in  a  thin  sheet-iron  box  (5  in.  square  by  2  in.  deep).  This 
sheet-iron  box  was  placed  in  the  centre  of  a  cast-iron  box  (about 
15  in.  x  6  in.  and  about  f  in.  thick).  The  spaces  between  the  two 
boxes  were  filled  up  with  "  flue-dust "  (i.e.  thoroughly  burnt  soot 
taken  from  the  flues  of  a  boiler  near  to  the  fire  end).  The  whole 
apparatus  was  afterwards  heated  in  an  annealing  furnace  to  a  bright 
red  heat,  sufficient  to  scale  the  cast-iron  box,  but  not  sufficient  to 
fuse  it.  The  fire  was  then  slackened  off,  banked  up  with  ashes,  and 
the  box  left  in  the  furnace  undisturbed  for  twenty-four  hours. 

That  the  annealing  treatment,  carried  out  as  above  described, 
has  the  effect  of  reducing  the  proportion  of  carbon  in  very  thin 
plates  of  steel,  which  are  exposed  for  some  time  to  a  high  temperature 
in  close  contact  with  masses  of  wrought  iron,  appears  to  be 
demonstrated  by  these  results ;  but  it  may  be  open  to  question 
whether  the  very  great  difference  between  the  proportions  of  carbon 
in  the  particular  hardened  and  annealed  disks  submitted  to  analysis 
was  entirely  ascribable  to  this  cause. 

No  disks  of  this  first  series  of  samples  remained  on  hand ;  I  was 
therefore  unable  to  make  further  carbon-determinations  with  the  view 
of  obtaining  comparative  results.  But  Mr.  Paget  was  so  good  as  to 
furnish  me,  in  August  1881,  with  a  second  series  of  disks,  wdth  some 
of  which  I  have  been  able  to  examine  further  into  the  question  of 
the  difference  in  the  total  proportion  of  carbon  contained  in  samples 
of  the  same  piece  of  metal,  hardened  and  annealed  by  the  processes 
above  described ;  and  also  to  obtain  a  few  other  results  of  interest, 
by  working  in  the  direction  indicated  in  the  first  part  of  this 
memorandum. 
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Tlio  second  scries  of  camples  received  from  Mr.  Paget  were 
described  as  follows  : — 

Disks  numbered  1,4,  7  and  10,  representing  tbe  metal  as  received 
from  cold-rolling. 

Disks  numbered  2,  5,  8  and  11,  annealed. 

Disks  numbered  3,  6,  9  and  12,  hardened. 

Tbe  dimensions  of  these  disks  were  tbe  same  as  tbose  of  tbe 
first  scries.  Tbey  were  all  of  them  cut  out  of  one  and  tbe  same 
strip  of  metal;  tbe  disks  1,  8,  5,  7,  9,  11  were  ranged  along  one  edge 
of  tbe  strip,  and  the  disks  2,  4,  G,  8,  10,  12  along  the  other  edge. 
The  weight  of  each  disk  was  about  6-5  grammes. 

Of  tbe  annealed  disks,  Nos.  2  and  11  were  those  which,  during 
the  annealing  process,  were  in  contact  with  the  wrought-iron  plates. 

No.  G  disk  was  devoted  to  the  determination  of  the  proportion  of 
silicon  contained  in  the  metal,  which  was  found  to  amount  to  0*20 
per  cent. 

The  total  percentage  of  carbon  was  estimated  in  one  disk  of  each 
kind;  but  a  second  disk  of  the  "annealed"  series,  an  inside  disk, 
was  also  examined,  to  compare  it  with  the  metal  which  bad  been 
annealed  in  immediate  contact  with  the  wrought  iron.  The  following 
results  were  obtained : — ■ 

With  Disk  No.  1,  (cold  rolled)      .      .      .     1  •  10S  per  cent,  of  carbon. 
No.  3,  (hardened)  .      .      .      .     1-128 
„  No.  5  (annealed  inside  disk) .      0,924        „  „ 

„  No.  11  (annealed  outside  disk)    0'S60        „  .. 

It  will  be  seen  from  these  numbers  that  tbe  proportion  of  carbon 
in  the  annealed  steel  was  decidedly  lower  than  in  the  cold-rolled 
and  hardened  samples,  and  that  the  outside  annealed  disk,  which  had 
been  in  contact  with  the  malleable  iron  plate,  contained  somewhat 
less  carbon  than  one  of  the  inner  disks  annealed  at  the  same  time. 
Tbe  much  greater  difference  observed  in  the  earlier  results  given  in 
this  memorandum  is  probably  ascribable  to  circumstances  needing 
further  elucidation. 

It  might  be  desirable,  with  a  view  to  securing  more  thoroughly 
comparative  samples  for  future  experiment,  to  enclose  tbe  disks  in 
blocks  of  one  and  the  same  description  of  metal  in  the  hardening 
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and  annealing  processes,  though  probably  the  comparatively  brief 
duration  of  contact  of  the  disks  with  the  cast-iron  blocks,  in  the 
treatment  preliminary  to  hardening,  may  not  appreciably  affect  the 
proportion  of  carbon.  The  difference  between  the  proportions  in  the 
hardened  and  cold-rolled  samples  is  scarcely  greater  than  might 
exist  between  two  results  furnished  by  identically  the  same  material. 

An  estimation  was  made,  in  three  of  the  disks,  of  the  proportions 
of  so-called  uncombined  carbon,  i.e.  of  the  carbonaceous  residue 
obtained  by  heating  the  metal  with  dilute  hydrochloric  acid.  The 
disks  were  immersed  each  in  100  c.c.'s  of  hydrochloric  acid, 
sp.  gr.  1  •  10,  and  a  gentle  heat  was  applied  for  three  hours.  The 
annealed  and  cold-rolled  disks  dissolved  much  more  rapidly  than  the 
hardened  disk ;  while,  under  treatment  with  the  chromic  acid  liquor, 
the  annealed  disks  had  resisted  attack  for  very  much  longer  periods 
than  the  hardened  disks.  The  cold-rolled  disk  furnished  the  largest 
amount  of  dark-coloured  residue ;  that  from  the  annealed  disk  was 
dark,  but  much  less  in  amount,  and  the  small  quantity  furnished  by 
the  hardened  disk  was  of  a  much  lighter  colour. 

The  residues  were  collected  upon  asbestos,  washed  successively 
with  water,  alcohol,  ether,  and  water,  and  the  proportion  of  carbon 
in  them  was  then  determined,  with  the  following  results  : — 

No.  7.  (cold  rolled,  as  received) 0  •  096  per  cent,  of  carbon. 

No.  S.  (annealed,  inside  disk) 0  ■  052        „  „ 

No.  9.  (hardened) 0-035        „  „ 

The  difference  between  the  proportions  furnished  by  the  annealed 
and  hardened  disks  is  in  the  direction  indicated  by  information  ; 
the  cause  of  the  comparatively  very  high  percentage  furnished 
by  the  cold-rolled  disk  needs  elucidation. 

The  promise  of  instructive  results,  held  out  by  the  treatment  with 
chromic  acid  liquor  in  the  earlier  experiments,  led  me  to  pursue  this 
mode  of  investigation  with  three  disks  of  the  second  series.  The 
carefully  cleaned  disks  were  supported  upon  small  circular  trays, 
or  sieves,  made  of  platinum  gauze,  suspended  in  separate  baths  of 
the  chromic  acid  liquor,  500  c.c.'s  of  which  were  used  in  each  case 
— a  quantity  considerably  in  excess  of  that  needed  for  the  complete 
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oxidation  of  the  iron  contained  in  a  disk.  The  baths  were  at  the 
atmospheric  temperature  at  starting.  The  following  results  were 
observed. 

No.  4  disk,  from  cold  rolling. — The  solution  of  the  metal  began 
at  once,  and  after  a  short  time  sufficient  gas  was  evolved  to  lift  a  part 
of  the  disk  to  the  surface  of  the  liquor.  At  the  end  of  three  and  a  half 
hours  the  temperature  of  the  latter  was  76°  •  3  Fahr.,  while  that  of  the 
surrounding  air  was  G5°  Fahr.  The  experiment  was  left  undisturbed 
for  five  days,  after  which  there  remained  upon  the  sieve  a  small 
quantity  of  black  particles,  which  were  attracted  by  the  magnet,  and 
presented  a  spangly  appearance  under  the  microscope,  though  not  so 
pronounced  as  in  the  case  of  No.  2  disk. 

No.  2  disk,  Annealed. — The  solution  of  the  metal  did  not  commence 
until  after  the  lapse  of  five  hours,  the  liquor  remaining  at  that  time 
quite  bright  red ;  its  temperature  after  the  lapse  of  three  and  a  half 
hours  was  65°  -5  Fahr.,  that  of  the  air  being  65°  Fahr.  Afterwards 
the  action  proceeded  slowly.  After  the  lapse  of  five  days  a  large 
quantity  of  black  scaly  matter  remained  upon  the  platinum  support ; 
it  was  attracted  by  the  magnet,  and  presented  a  very  spangly 
appearance  under  the  microscope. 

No.  12  disk,  Hardened. — The  metal  was  at  once  attacked ; 
the  disk  was  speedily  lifted  to  the  surface  of  the  liquid  by  the  gas 
generated,  and  had  to  be  gently  pressed  down  with  a  glass  rod.  After 
three  and  a  half  hours  the  temperature  of  the  liquid  was  75°  •  3  Fahr., 
that  of  the  air  being  G5°.  After  the  lapse  of  five  days  there  remained 
upon  the  sieve  a  small  quantity  of  Zm^-coloured  matter,  enclosing 
a  few  dark  particles  which  were  attracted  by  the  magnet ;  these 
presented  a  spangly  appearance  under  the  microscope;  the  light 
coloui'ed  matter  was  evidently  silica. 

In  each  experiment  a  small  black  sediment  had  collected  at 
the  bottom  of  the  vessel,  having  passed  through  the  sieves.  The 
deposit  upon  the  sieves  was  washed  down  into  the  chromic  liquor, 
and  allowed  to  remain  in  it,  in  the  cold,  for  a  further  period 
of  thirteen  days  (total  treatment,  eighteen  days'  duration).  The 
deposits  were  then  collected  upon  purified  asbestos  plugs,  in  the 
tubes  in  which  they   were   to  bo  burnt ;    they  were  washed   with 
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water,  alcohol,  and  ether,  dried,  and  burnt  in  oxygen  in  the  usual 
manner.  The  proportion  of  iron  in  the  insoluble  matter  was 
estimated,  in  each  case,  after  the  combustion  of  the  carbon.  The 
following  numbers  represent  the  proportions  of  carbon  and  iron 
furnished  by  the  analyses  of  these  residues,  calculated  upon  100 
parts  of  the  disks  employed  : — 


Carbon. 

Iron. 

No.  4.  (from  cold-rolling)     . 

1-039     . 

.     5-87 

No.  2.  (annealed  outside  disk)    . 

0-830     . 

.     4-74 

No.  12.  (hardened)     .      .      .      . 

0-178     . 

.     0-70 

On  comparing  the  amounts  of  carbon  contained  in  these  residues 
with  the  percentages  of  total  carbon  in  the  corresponding  disks  from 
the  same  strip  of  metal,  it  will  be  seen  that  the  chromic  acid 
treatment  may  be  said  to  have  eliminated  practically  the  whole  of 
the  carbon  from  the  cold-rolled  disk  in  the  form  of  a  carbon-iron 
compound ;  and  that,  from  the  annealed  disk,  an  even  more  complete 
elimination  of  carbon  in  that  form  was  effected.     Thus :  — 


No. 

Carbon 

by  direct 

determination. 

1.  Disk,  cold  rolled,  gave    .     1-10S 

Carbon  in  residue 

from  chromic 

treatment. 

No. 

4.        „            „             „         .       - 

.     1-039 

No. 

11.  annealed,  outside  disk       0-S60 

No. 

2.                                      „           

.     0-S30 

On  the  other  hand,  only  about  one-sixth  of  the  total  carbon  was 
eliminated  from  the  hardened  disk,  in  the  solid  form,  by  the  chromic 
treatment.  In  the  latter  case  too  the  proportion  borne  by  the 
carbon,  in  the  residue,  to  the  iron,  was  decidedly  greater  than  in  the 
residue  from  the  other  two  descriptions  of  disks}  as  will  be  seen 
by  the  following  statement  of  the  ratios  given  by  the  analytical 
results : — 


No.  4.  Disk,  cold  rolled      .      . 

Carbon. 
.       .      1       . 

Iron. 
.     5  04 

No.  2.       „      annealed 

.       .      1      . 

.     5-72 

No.  12.    „      hardened 

.       .      1      .     • 

.     3-93 

It  is  interesting  to  observe  that  in  the  case  of  the  annealed  and 
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tlie  cold-rolled  disks  the  ratios  correspond  very  closely  indeed  ;  they 
also  correspond  closely  with  the  proportions  of  the  elements  in  an 
iron-carbide  having  the  formula  Fc6  C5. 

That  the  chromic  treatment  was  complete  in  these  exjieriruents, 
the  whole  of  the  iron  having  been  dissolved  which  was  not  fixed  by 
the  carbon,  is  beyond  doubt.  The  three  experiments  were  conducted 
exactly  alike  and  side  by  side,  and  the  digestion  of  the  eliminated 
iron  carbide  in  excess  of  the  chromic  solution  was  a  very  protracted 
one.* 

The  small  proportions  of  carbon  separated  from  the  annealed  and 
the  cold-rolled  disks  by  treatment  with  hydrochloric  acid  of  sp.  gr.  1  ■  1, 
appear  to  show  that  the  carbide,  which  can  be  eliminated  from  the 
steel  in  those  conditions,  is  decomposable  by  that  acid,  the  iron  being 
dissolved  and  the  carbon  escaping  in  combination  with  the  hydrogen. 
No  more  disks  were  at  the  time  available  for  the  purpose  of 
ascertaining  this,  by  direct  experiment  with  residues  obtained  by  the 
chromic  treatment. 

So  far  as  it  has  been  possible  to  carry  these  experiments,  the 
results  they  Lave  furnished  appear  to  warrant  the  belief  that,  in  steel 
which  has  been  gradually  cooled,  the  carbon  exists  entirely,  or  nearly 
so,  in  the  form  of  a  very  definite  iron  compound  rich  in  carbon, 

*  Since  the  preparation  of  this  memorandum,  the  following  additional  experiment 
has  been  made  with  a  disk  from  cold  rolling  (Xo.  10),  which  remained  in  hand. 
The  piece  of  metal,  weighing  G-2  grammes,  was  placed  in  500  c.c.  of  the  same 
•chromic  solution  prepared  for  the  previous  experiments,  and  an  additional 
quantity  of  40  grammes  of  concentrated  sulphuric  acid  was  added.  The  solution 
of  the  metal  commenced  at  once,  with  evolution  of  gas ;  at  the  end  of  24  hours  it 
was  complete,  a  quantity  of  heavy  black  powder  remaining.  This  was  left  in 
the  solvent  for  9  days  ;  when  examined  at  the  end  of  that  period  it  was  found 
to  be  attracted  by  the  magnet.  Analysis  showed  it  to  contain  carbon  and  iron, 
in  the  proportions  of  0*84  of  carbon  and  1*104  of  iron  in  100  parts  of  the  metal. 
This  residt  appears  to  show  that,  in  the  presence  of  a  very  considerable  excess 
of  sulphuric  acid,  the  carbide,  separated  in  the  first  instance  from  the  metal, 
does  not  resist  the  action  of  the  chromic  liquor ;  but  that,  while  the  iron  is 
dissolved,  the  carbon  does  not  escape  as  gas  to  any  large  extent.  It  is  proposed 
to  carry  the  experiments  further  in  this  direction,  when  fresh  material  has  been 
obtained. 
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disseminated  throughout  the  mass,  being  eliminated  from  the  iron, 
during  the  process  of  cooling,  in  a  more  or  less  distinctly  crystalline 
form ;  that  the  carbide  is  again  assimilated  by  the  metal  when  it  is 
raised  to  a  very  high  temperature  ;  and  that,  if  the  metal  be  suddenly 
cooled,  there  is  no  time  for  the  elimination  to  take  place,  and  the 
carbon  (or  carbide)  remains  dissolved  in  the  metal,  more  or  less 
completely,  according  to  the  degree  of  rapidity  with  which  the 
cooling  process  is  carried  out. 

Further  experiments  appeal  desirable,  with  a  view  to  confirm, 
or  otherwise,  the  results  described  in  the  foregoing  ;  and,  should 
they  be  confirmed,  to  extend  the  investigation,  in  the  direction 
commenced  with  annealed  and  hardened  steel,  to  steels  of  different 
temper.  It  is  also  possible  that,  by  modifications  of  the  mode  of 
experiment  hitherto  pursued,  more  decisive  information  may  be 
elicited  regarding  the  distribution  of  the  carbide  through  samples 
of  steel,  alike  in  ultimate  composition,  but  presenting  distinct 
physical  characteristics. 

The  experiments,  of  which  the  foregoing  is  an  account,  have  been 
carried  out  under  my  direction  by  Mr.  W.  H.  Deering,  whose  great 
skill  in  manipulation  and  analysis  is  invaluable  in  carrying  on 
researches  where  small  quantities  have  to  be  dealt  with. 
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RESULTS  OF  EXPERIMENTS  MADE  WITH  A  VIEW  TO 
ASCERTAIN  WHETHER  OCCLUDED  GASES  PLAY 
ANY  PART  IN  THE  HARDENING  AND  TEMPERING 
OF  STEEL.  

By  Professor  W.  CHANDLER  ROBERTS,  F.R.S. 


(Published  hy  order  of  the  Council.) 


It  will  bo  remembered  tbat  the  first  Report  of  tbc  Committee, 
after  considering  the  various  theories  as  to  the  causes  of  tho 
hardening  and  tempering  of  steel,  concludes  as  follows  (ante,  p.  692)  : 
— "  May  it  not  be  that  the  sudden  contraction  in  hardening  steel  has 
"  the  effect  of  expelling  occluded  gases  :  that  subsequent  tempering, 
"  by  raising  the  temperature,  has  the  effect  of  permitting  a  fresh 
"  absorption ;  and  that  the  iridescent  colours  which  accompany  the 
"  tempering  are  due  to  the  change  of  surface  caused  by  the  infiltration 
"  of  gases?  Another  view  is  that  the  mere  heating  of  steel  to  tho 
"  proper  temperature  for  hardening  is  sufficient  to  expel  a  portion  of 
"  these  gases,  which  are  kept  out  by  sudden  cooling,  and  are  slowly 
"  re-absorbed  in  tempering.  .  .  .  May  not  steel  therefore  possess 
"  properties  analogous  to  platinum  and  palladium,  with  respect  to 
"  some  of  the  gases  constituting  the  air  ?  May  it  not  absorb  these 
"  more  fully  as  the  temperature  of  tempering  rises,  and  so  gradually 
"  become  restored  to  its  original  softness  ?  " 

There  is  much  in  the  evidence  afforded  by  recent  researches  to 
lend  probability  to  this  view  ;  and  few  questions  connected  with 
the  metallurgy  of  iron  and  steel  are  attracting  more  attention  than 
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the  relations  between  the  metal  and  the  gases  with  which  it  comes  in 
contact  during  the  processes  of  manufacture.  The  question  of  the 
intervention  of  gas  in  the  carburisation  of  iron  has  long  been 
recognised  as  one  of  great  interest.  Bergman,  writing  in  1781,* 
was  the  first  to  show  that  the  difference  between  malleable  iron, 
steel,  and  cast-iron  depends  on  the  amount  of  carbon  the  metal 
contains,  and  it  may  be  well  to  remember  that  he  was  led  to  the 
opinion  that  "  fixed  air  "  could  give  up  its  carbon  to  iron ;  so  that  the 
importance  of  the  relation  between  iron  and  gases  was  indicated  in 
the  researches  which  were  the  first  to  give  us  accurate  knowledge  as 
to  the  true  nature  of  steel. f 

Margueritte  ±  in  1865  repeated  an  experiment  made  at  the  close  of 
the  last  century  by  Clouet,  employing  the  diamond  as  a  source  of 
carbon.  Margueritte's  experiments  were  conducted  under  conditions 
that  rendered  the  results  unequivocal ;  and  he  showed  that,  although 
the  carburisation  of  iron  can  be  effected  by  simple  contact  with  solid 
carbon,  it  is  nevertheless  true  that,  in  the  ordinary  process  of 
cementation,  carbonic  oxide  plays  an  important  part,  which  had 
previously  been  overlooked. 

Graham's  paper  on  the  occlusion  of  gases  by  metals,  §  which 
appeared  a  year  later,  showed  that  carbonic  oxide  could  penetrate 
to  the  centre  of  a  mass  of  heated  iron,  and  thus  gave  special  point 
to  Margueritte's  work.  The  latter  experimentalist  had,  as  Graham 
himself  observes,  made  the  action  of  a  high  temperature  very  clear — 
the  carbonic  oxide  being  introduced  into  the  iron  at  a  comparatively 

*  "De  Aualysi  Ferri."     Opuscula  Physica  et  Chemica,  Vol.  iii.,  1783. 

f  Kirwan,  E.,  "  Essay  on  Phlogiston  and  the  Constitution  of  Acids,"  1787, 
p.  140.  "  If  a  bar  of  soft  iron  be  put  into  a  crucible,  well  covered  and  luted, 
without  any  addition,  and  kept  at  a  welding  heat  for  eleven  days,  it  will  be 
converted  into  steel.  .  .  .  Here  it  is  plain  that  charcoal  could  not  penetrate  through 
the  crucible,  but  fixed  air  easily  can.  .  .  .  The  plumbago  then  clearly  owes  its 
origin  to  this  air,  as  Mr.  Bergman  explains  it." 

%  "Recherches  sur  l'acieration,"  Ann.  de  Chini.  et  de  Phys.,  t.  vi.  [4,]  1S65, 
p.  55. 

§  "  On  the  absorption  and  dialytic  separation  of  gases  by  colloid  septa," 
Phil.  Trans.,  clvi.,  p.  436,  18G6. 
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low  temperature,  while  a  high  degree  of  heat  is  subsequently 
necessary,  to  enable  the  metal  to  appropriate  tbc  carbon  and  become 
steel.  Graham's  experiments  showed  tbat  wrought  iron  occludes 
six  or  eight  times  its  volume  of  carbonic  oxide ;  and  he  urges 
that  the  way  in  which  the  qualities  of  iron  are  affected  by  the 
presence  of  a  substance  in  no  way  metallic  in  its  character  — 
locked  up  in  so  strange  a  way,  but  capable  at  any  time  of  re- 
appearing, under  the  influence  of  heat,  with  the  elastic  tension 
of  a  gas — is  a  subject  which  metallurgists  may  find  worthy  of 
investigation.  This  suggestion  has  already  led  to  important 
results.  I  hope  in  a  subsequent  communication  to  examine  the 
evidence  on  which  the  present  views,  as  to  the  gases  occluded  by 
iron  and  steel,  really  rest.  At  present  I  would  limit  myself  to  the 
question  raised  by  the  Committee,  to  which  reference  has  already 
been  made. 

It  appeared  necessary  in  the  first  place  to  ascertain  whether  steel 
will  "  harden  "  when  rapidly  cooled  in  vacuo — that  is  to  say  under 
conditions  in  which  access  of  gas  is  impossible.  The  first  step  is  to 
deprive  the  steel,  which  forms  the  subject  of  the  experiment,  of  the 
gases  that  it  has  already  occluded  during  the  process  of  manufacture ; 
for  experience  has  shown  that  it  is  not  safe  to  deal  with  steel,  in 
experiments  of  this  kind,  until  the  gases — whether  pre-existing  or 
self-produced  by  the  reactions  between  the  impurities  it  may  contain — 
are  first  extracted  from  the  metal.  This  however  is  by  no  means  an 
easy  matter.  Six  strips  of  steel  were  selected,  each  about  127  mm. 
long,  3  mm.  wide,  1*2  mm.  thick  (5  in.  x  0-118  in.  x  0*047  in.): 
the  total  weight  of  the  six  being  22  •  5  grammes  (347  grains).  These 
were  enclosed  in  a  porcelain  tube,  connected  in  the  usual  way  with  a 
Sprengel  air-pump.  The  metal  was  strongly  heated  in  vacuo  for 
twenty-six  hours,  at  the  end  of  which  time  the  evolution  of  gas  had 
practically  ceased,  and  27  cubic  centimetres  of  gas  (1*6  cub.  in.),  or 
9*31  times  the  volume  of  the  metal,  had  been  extracted.  In  this 
particular  case  the  gas  was  not  analysed.  The  proportion  of  the 
constituent  gases  varies  widely  during  the  period  of  extraction,  but 
in     other    similar    cases    I    have    found     the      mean    composition 
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FIG. 2 


to    bo    about    h    hydrogen,    £    carbonic    oxide,    and     A    carbonic 
anhydride. 

If  a  strip  of  the 
steel  thus  deprived 
of  gas  be  heated, 
and  cooled  in 
vacuo,  it  is  easy  to 
ascertain  whether 
hardening  has 
been  effected,  and, 
if  it  has,  whether 
the  change  in  the 
steel  is  accom- 
panied by  a  fur- 
ther evolution  of 
occluded  gas, 

which  would  of 
course  destroy  the 
jierfection  of  the 
vacuum. 

The  experi- 
ment may  be  con- 
ducted  in  several 

ways.  In  one  case  a  strip  of  the  steel  above-niontioned  was  placed  in 
a  porcelain  tube  A,  Fig.  1,  rendered  vacuous  by  means  of  the 
Sprengel  pump,  by  the  aid  of  which  the  vacuum  could  be  readily 
maintained.  At  one  end  of  the  porcelain  tube  a  bent  glass  tube  B 
was  fixed,  which  contained  mercury  previously  boiled  to  free  it  from 
air.  The  mercury  was  again  boiled  in  vacuo,  in  order  to  drive  over 
any  air  it  might  retain,  and  allowed  to  cool.  The  portion  of  the 
tube  containing  the  steel  was  then  heated  to  bright  redness,  and, 
without  detaching  the  tube  from  the  pump,  the  heated  metal  was 
tilted  rapidly  into  the  reservoir  of  mercury,  about  an  inch  of  the 
metal  being  actually  submerged  in  the  fluid.  This  portion  afterwards 
proved  to  be  of  a  degree  of  hardness  that  would  readily  scratch  glass. 
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The  end  of  the  steel  that  had  not  touched  the  mercury  of  course 
remained  soft.  It  will  he  ohvious  therefore  that  steel  will  harden 
under  conditions  in  which  there  are  no  gases  for  it  to  ahsorh ;  and,  as 
the  mercury  column  in  the  pump  remained  undepressed,  no  occluded 
gases  were  evolved  during  the  hardening.  With  regard  to  the 
suggestion  of  the  Committee  that  the  characteristic  colours  produced 
in  tempering  steel  may  he  due  to  the  absorption  (as  distinguished 
from  oxidation)  of  gas,  I  would  point  out  that  hardened  steel  may  be 
tempored  by  heating  and  slow  cooling  in  vacuo,  and,  in  the  absence 
of  air,  the  metal  docs  not  sensibly  change  colour. 

On  heating  steel  in  vacuo  in  a  porcelain  tube,  care  must  be  taken 
to  prevent  contact  with  the  siliceous  walls  of  the  tube ;  otherwise 
the  carbon  of  the  steel,  as  Troost  and  Hautefeuille  have  shown,*  will 
reduce  the  silicate,  and  the  consequent  evolution  of  carbonic  oxide 
will  render  it  impossible  to  maintain  a  perfect  vacuum.  In  the 
experiment  I  have  described,  care  was  taken  to  keep  the  steel  from 
the  sides  of  the  tube  by  platinum  studs.  Before  the  steel  was  tilted 
into  the  mercury  the  evolution  of  gas  had  entirely  ceased,  and  the 
mercury  stream  of  the  pump  fell  with  the  sharp  click  that  indicates  a 
good  vacuum. 

The  cxj)erinient  may  be  varied  by  heating  a  spiral  of  steel  wire 
to  redness  in  vacuo,  Fig.  2,  by  means  of  an  electric  current,  as 
Edison  did  in  his  well-known  experiments  on  the  effect  of  high 
temperatures  on  metallic  wires.  When  the  evolution  of  bubbles 
of  gas  has  ceased,  the  apparatus  is  turned,  so  as  to  bring  the 
incandescent  wire  in  contact  with  mercury.  The  portions  of  the 
wire  that  touch  the  mercury  become  glass-hard,  and  the  ends  that 
cool  slowly  remain  soft. 

It  is  hardly  necessary  to  point  out  that  Reaumur,  the  great 
authority  of  the  eighteenth  century  on  the  conversion  of  malleable 
iron  into  steel,  when  he  published  his  singularly  advanced  work 
oh  the  subject  in  1722,  was  not  aware  of  the  importance  of  the 
part    played  by  carbon ;  for  he    says,f   "  We  now    know  that  steel 


*  "  Comptes  Rendus,"  1873,  pp.  4S2  and  562. 
t  "  L'art  de  convertir  le  fer  forge  en  aeier,"  Paris,  1722,  p.  320. 
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"  only  differs  from  iron  by  being  more  penetrated  witb  sulphurs  and 
"  salts."  I  was  not  aware  however,  until  after  I  bad  made  tbe 
above  experiments,  tbat  Keaumur's  views,  as  to  tbe  characteristic 
property  which  steel  possesses  of  hardening  when  heated  and 
rapidly  cooled,  were  of  so  much  interest ;  and  indeed  the  experiments 
on  which  his  conclusions  were  based  seem  to  have  been  generally 
overlooked  or  forgotten.  In  the  work  to  which  I  have  already 
alluded,  he  says,*  "As  a  second  explanation  I  would  suggest  one 
"  according  to  wbich  the  hardening  depends  on  a  substance  being 
"  driven  from  between  the  particles  by  heat,  its  return  being 
"  stopped  by  the  water.  I  confess  this  took  my  fancy  very  much 
"  at  first.  It  appears  natural  to  suspect  the  existence  of  enclosed 
"  air,  wbich  is  pressed  between  the  particles  of  the  untempered  steel. 
"  "Where  is  there  not  air  ?  May  not  this  air,  by  tending  to  separate 
"  the  particles  of  the  steel,  hinder  them  from  holding  well  together  ? 
"  But  the  fire,  by  expanding  the  steel  and  opening  the  pores,  drives 
"  away  this  air,  to  which  all  entry  is  stopped  when  one  cools  the 
"  metal  suddenly,  instead  of  letting  the  same  air  return  little  by 
"  little  into  the  steel  as  it  gradually  loses  its  heat."  He  satisfied 
himself  tbat  this  explanation  was  not  correct,  by  allowing  a  piece  of 
red-hot  steel  to  cool  slowly  in  tbe  best  Torricellian  vacuum  he  could 
secure.  A  piece  of  hot  steel  was  attached  to  a  plug  fixed  by  a  layer 
of  wax  or  resin  inside  the  top  of  a  long  upright  tube  nearly  filled  with 
mercury,  so  as  to  leave  a  small  space  of  air  surrounding  the  steel. 
Tbe  mercury  was  then  allowed  to  fall,  and  thus  produced  a  highly 
rarefied  atmosphere,  in  which  the  steel  was  slowly  cooled.  On 
removal  it  proved  to  be  perfectly  soft. 

The  question  then  of  the  true  cause  of  the  hardening  of  steel 
remains  much  where  Reaumur  left  it  when  he  stated  f  that, 
"  since  the  hardening  of  steel  is  neither  due  to  the  introduction  of 
"  a  new  substance  nor  to  the  expulsion  of  air,  it  only  remains  for  us 
"  to  seek  its  cause  in  the  changes  occurring  in  its  structure,"  or,  it 
may  be  add  eel,  in  the  mode  of  existence  of  the  carbon  in  the  metal. 

*  Loc.  cit.,  p.  317.  t  Loc.  cit.,  p.  319. 
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Repobt  bt  Pbof.  Alex.  B.  W.  KENNEDY. 


(Published  by  ord*  r  of  th  Council.) 

The  experiments  in  this  scries  are  upon  single-riveted  lap-joints, 
each  with  two  rivets,  the  whole  being  made  in  £-in.  plate,  of  the 
samo  general  quality  as  the  plate  used  in  the  former  series  (viz., 
Landore  S.  S.).  The  plate  and  rivet  steel  were  supplied  by  the 
L  ami  ore  Siemens  Steel  Company,  and  the  machining  and  riveting 
(the  latter  done  by  hand)  were  carried  out  by  Messrs.  J.  Penn  and 
Son  of  Greenwich  ;  the  joints  were  tested  by  the  writer  at  University 
College.  The  whole  of  the  plates  used  in  the  joiuts  were  cut  from  one 
plate,  13  ft.  7  in.  x  2  ft.  6  in.  x  j  in.,  the  position  of  the  different 
pieces  being  so  arranged  (Plate  94)  that  each  type  of  joint  might  be 
equally  affected  by  inequalities  (if  any  existed)  in  the  metal  at 
different  jjositions  across  the  plate.  Six  sets  of  three  similar  joints 
each  (eighteen  joints  in  all)  were  made,  Nos.  1233  to  1238  in  Plate  94 
and  Table  XXVI.  appended ;  as  well  as  fourteen  specimens  for 
tensile  tests. 

In  the  first  set  (No.  1233)  rivets  l'l  in.  diam.*  were  used, 
and  the  joint  was  proportioned  according  to  the  results  of  Series 
VIII.  and  the  inferences  drawn  from  it  (Proceedings  1881,  p.  253), 
so  as  to  be  equally  likely  to  be  broken  by  tearing  or  by  shearing. 
That  is,  No.  1233  was  designed  to  be  the  strongest  possible  joint 
with  f-in.  plate  and  1  •  1  in.  rivets.  It  was  assumed  that  this  was 
the  largest  size  of  rivet  likely  to  be  practically  used  with  ^-in.  plate. 
The  ratio  of  rivet  to  plate  section  was  designed  for  1  •  4  to  1 ;  but 
in  consequence  of  the  plate  being  somewhat  thin,  it  was  actually 
1*46  to  1.  (The  highest  value  of  this  ratio  given  by  any  boiler 
maker  in  the  Table  on  pp.  293-9  of  Proceedings  1881  is  0*96  to  1). 

The  set  of  joints  No.  1382  will  be  described  further  on. 

*  The  diameters  "riven  are  the  diameters  of  the  drilled  hcles. 
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The  second  set  of  joints  in  the  scheme,  No.  1234,  was  designed 
with  a  very  large  excess  of  plate  area  (the  plate  and  rivet  areas  being 
made  practically  equal)  in  order  to  correspond  more  nearly  to  the 
proportions  given  in  the  Table  just  mentioned.  The  rivet  area  was 
kept  as  before,  and  about  40  per  cent,  added  to  the  plate  area. 

In  the  third  set  of  joints,  ISTo.  1235,  the  plate  area  was  kept  at 
its  normal  amount  (as  in  No.  1233),  and  the  rivet  area  increased  by 
20  per  cent,  by  using  1*2  in.  rivets  instead  of  1  •  1  in.  These  joints 
were  intended  to  give  way  by  tearing.  They  are  not  of  course  the 
strongest  joints  that  can  be  designed  for  1  •  2  in.  rivets. 

In  the  fourth  set  of  joints,  No.  1236,  the  rivet  area  was  again 
brought  to  its  normal  value,  and  the  plate  area  reduced  by  20  per 
cent.,  so  that  the  joints  should  give  way  definitely  by  tearing  the  plate. 

In  the  fifth  set  of  joints,  No.  1237,  the  normal  plate  area  was 
kept,  but  the  rivet  area  reduced  by  about  20  per  cent.,  so  that  the 
joints  should  give  way  by  shearing  the  rivets. 

In  the  last  set  of  joints,  No.  1238,  the  normal  proportions  were 
used,  but  the  joints  were  made  of  pieces  cut  across  the  plate  instead 
of  along  it. 

The  results  of  the  whole  series  of  experiments  may  be  summarised 
as  follows : — 

The  plate  is  exceedingly  soft  and  ductile,  and  of  very  uniform 
quality.  Of  eight  pieces  tested  for  tenacity  the  average  resistance 
was  27  "27  tons  per  sq.  in.,  with  27  •  2  per  cent,  extension  in  10  in., 
and  54  per  cent,  extension  in  2  in.,  a  degree  of  ductility  which  could 
hardly  have  been  expected  in  so  thick  a  plate.  The  f-in.  plate 
used  in  Series  VIII.  had  a  tenacity  of  29*3  tons  per  sq.  in.,  and  an 
extension  of  23*2  per  cent,  in  10  in.  (see  Proceedings  1881,  Table 
XXIV.,  p.  255).  Across  the  plate  only  two  specimens  could  be  got 
for  determination  of  tenacity,  and  these  give  a  mean  of  26*9  tons  per 
sq.  in.,  with  22*3  per  cent,  extension  in  10  in.  The  details  of  these 
results  are  given  in  Table  XXVII.  annexed. 

The  normally  proportioned  joints  (No.  1233)  broke  by  tearing 
the  plate  at  an  average  of  29  ■  73  tons  per  sq.  in.,  or  9  per  cent,  in 
excess  of  the  tensile  resistance,  but  without  reaching  the  full  shearing 
resistance  of  the  rivets,  which  had  been  estimated  at  22  tons  per 
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sq.  in.,  as  in  Series  VIII.  Although  the  rivets  had  not  sheared, 
their  heads  and  ends  had  been  almost  torn  off  by  the  extreme  bending 
of  the  soft  plate  ;  and  the  writer  thought  that  probably  additional 
strength  might  be  obtained  by  making  heads  and  ends  heavier,  so  as 
to  stiffen  the  plate  somewhat,  and  let  the  full  shearing  resistance  of 
the  rivets  come  into  play.  Messrs.  Penn  kindly  undertook  to  cut  the 
ends  off  the  specimens  No.  1233,  and  re-drill  and  rivet  them,  with 
the  heaviest  rivets  which  they  found  it  possible  to  make  sound 
by  hand.  The  actual  average  weight  of  the  rivets  in  No.  1233  was 
0*88  lb.  each:  in  the  new  set,  No.  1382,  the  average  weight  was 
1  •  20  lb.,  or  36  per  cent.  more.  The  result  is  very  striking.  The 
plates  were  so  much  better  held  together  that  they  were  still  unbroken 
when  the  full  shearing  stress  of  22  tons  per  sq.  in.  was  reached,  and 
the  joint  broke  by  shearing  instead  of  tearing.  The  stress  in  the 
(unbroken)  plate  was  32*2  tons  per  sq.  in.,  or  18  per  cent,  in  excess 
of  the  tensile  resistance  of  plain  pieces.  The  proportionate  strength 
of  the  joint  was  raised  from  49  per  cent,  to  53  per  cent,  of  the 
strength  of  the  solid  plate. 

The  joints  in  No.  1234,  where  the  plate  area  was  increased,  broke, 
as  was  expected,  by  shearing  the  rivets.  These  all  sheared  fairly, 
but  in  this,  as  in  other  cases,  there  was  generally  some  sign  of  tearing 
at  the  head  of  the  rivet.  The  rivet  sheared  at  21*58  tons  per  sq.  in., 
the  proportionate  strength  of  the  joint  being  only  43  ■  6  per  cent,  of 
that  of  the  solid  plate. 

The  set  of  joints  with  excess  shearing  area,  No.  1235,  contains 
the  only  one  which  gave  way  both  in  plate  and  rivets,  viz., 
No.  1235-2.  The  cause  of  this  was  the  weakness  of  the  rivet-heads, 
one  of  which  was  pushed  right  off,  as  a  ring,  unbroken,  from  its 
shank,  a  striking  instance  of  the  remarkable  ductility  of  the  rivet- 
steel.  These  joints  were  weakened  by  the  small  heads  in  the  same 
way  as  No.  1233 ;  and  the  writer  suggests  that  they  should  be 
re-drilled  and  riveted  with  heavier  rivets  as  the  others  were.  The 
joints  gave  way  by  tearing  at  about  30  ■  6  tons  per  sq.  in.  (neglecting 
1235-2),  when  the  shearing  stress  was  only  17  •  8  tons  per  sq.  in., 
their  proportionate  strength  being  48*2  per  cent.  With  heavier 
rivets  no  doubt   the  tensile  resistance  may  be  somewhat  increased, 
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and  the  strength  of  the  joint  brought  very  nearly  to  that  of  No.  1233. 
In  order  to  see  how  much  stronger  a  joint  with  the  larger  rivets 
might  be  made,  the  writer  suggests  that  the  set  No.  1231 — 4*75  in. 
broad — should  be  cut  down  and  riveted  with  1-2  in.  rivets. 

The  set  of  joints  made  with  too  little  plate  area,  No.  1236,  showed 
just  the  same  characteristic  as  the  similarly  proportioned  joints,  No. 
656  in  Series  VIII.,  namely  that  the  excess  tenacity  was  increased 
by  the  narrowing  of  the  bridges  or  necks  between  the  rivets  (see 
Proceedings  1881,  p.  227).  The  joints  broke  by  tearing,  of  course, 
but  the  tearing  stress  at  fracture  was  33 '  24  tons  per  sq.  in,  or  22  per 
cent,  in  excess  of  the  tenacity  of  the  plate.  (In  Series  VIII.  the 
excess  tenacity  under  similar  conditions  reached  25  per  cent.)  The 
proportionate  strength  of  the  joint  is  47  •  6  per  cent. 

The  set  of  joints,  No.  1237,  made  with  too  small  rivets,  naturally 
proved  themselves  weaker.  They  all  broke  by  shearing,  the  mean 
shearing  stress  at  fracture  being  21*84  tons  per  sq.  in.,  or  practically 
the  full  resistance,  unless  the  1-in.  rivets  are  proportionally  stronger 
than  the  larger  ones.  The  stress  in  the  plates  when  the  rivets 
sheared  was  26  •  1  tons  per  sq.  in.,  and  the  proportionate  strength  of 
the  joint  45  ■  4  per  cent. 

The  set  of  joints  made  from  pieces  cut  across  the  plate,  No.  1238, 
proved  practically  identical  with  the  similarly  proportioned  ones  cut 
along  the  plate.  They  gave  way  by  tearing  at  a  mean  stress  of  29*  72 
tons  per  sq.  in.  in  the  plate,  their  proportionate  strength  being  49  ■  6 
per  cent.  By  the  use  of  larger  rivet-heads  and  ends  this  could 
doubtless  be  raised,  exactly  as  with  No.  1233. 

The  bearing  pressure  was  in  all  cases  small  (the  highest  only 
26*45  tons  per  sq.  in.),  and  therefore  does  not  show  any  influence  on 
the  results. 

Probably  the  percentages  of  strength  all  round  could  be  increased 
were  the  riveting  hydraulic  instead  of  by  hand  ;  but  with  such  narrow 
specimens  this  did  not  seem  feasible,  on  account  of  the  injury  which 
the  great  pressure  might  do  in  squeezing  the  unsupported  metal 
at  the  sides  of  the  plate. 

Before  each  joint  was  tested,  a  line  was  scribed  across  the  edges 
of  the  two  plates,  and  the  point  at  which  slipping  began  to  be  visible 
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was  observed  by  the  aid  of  a  magnifying  glass.     The  results  were 

irregular,  as  might  be  expected,  and  as  they  were  found  to  be  in  the 
former  experiments  (see  Proceedings  1881,  p.  228).  It  does  not  seem 
possible  to  say  whether  the  slip  observed  was  due  to  a  real 
commencement  of  "  giving  "  in  the  metal  of  the  joint  (either  in  the 
plates  or  in  the  rivets),  or  whether  it  was  partly  or  wholly  due  to  the 
"  take  up  "  of  the  rivets  in  the  holes.  Be  this  as  it  may,  there  is  no 
doubt  that  a  motion  which,  although  very  small,  was  still  sufficiently 
distinct  to  be  observed  by  the  means  mentioned  above,  occurred  in 
the  joints  which  had  the  largest  ratio  of  rivet  to  plate  area  (Nos. 
1235  and  123G),  when  the  stress  in  the  plate  was  about  G  tons  per 
:>({.  in.,  and  in  the  others  at  still  lower  loads ;  the  lowest  being  in  the 
case  which  most  nearly  resembled  the  proportions  often  used  for  iron 
joints  (No.  1234),  where  the  stress  only  reached  3  •  G  tons  per  sq.  in. 
before  slip  was  visible. 

Comparing  the  results  given  in  Table  XXVI.  with  the  proportions 
actually  used  in  practice,  as  given  in  the  Table  upon  pp.  293-299, 
Proceedings  1881,  it  will  be  seen  that  in  no  case  has  sufficient  allowance 
been  made  in  these  proportions  for  the  great  difference  between  the 
shearing  strength  of  steel  rivets  and  the  tenacity  of  steel  plates,— 
that  is,  if  the  proportions  were  applied  to  steel  joints.  Assuming 
the  same  constants  as  those  obtained  in  Series  IX.,  and  assuming  that 
the  riveting  was  of  the  same  quality,  the  joints  A  and  B  of  that  Table 
would  have  a  proportionate  strength  of  only  33  per  cent.,  D  37  per 
cent.,  F  39  per  cent.,  and  G  42  per  cent,  of  the  solid  plate ;  instead 
of  the  50  to  53  per  cent,  which  can  be  got  by  placing  the  rivets  nearer 
together. 

In  conclusion  it  ought  to  be  pointed  out  that,  although  these 
joints  were  broken  in  the  testing  machine,  it  really  seems  impossible 
that  they  could  have  been  broken  in  a  boiler.  The  enlargement  of 
the  rivet-holes  is  so  great  that  the  rivets  are  quite  free  in  them  long 
before  fracture  occurs  ;  so  that,  unless  an  exploding  pressure  could  be 
put  on  with  absolute  suddenness,  the  boiler  will  leak  all  over  long 
before  anything  like  the  breaking  stress  is  reached  in  either  plates  or 
rivets. 
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MEMORANDUM  OF  EXPERIMENTS  ON  LAP-JOINTS, 
WITH  RIVETS  OF  DIFFERENT   SIZES. 


By  Mb.  E.  V.  J.  KNIGHT,  op  Greenwich. 


(Published  by  order  of  the  Council.') 


The  first  experiments  were  on  two*  iron  joints,  double  riveted, 
4  V  in.  wide,  -j7^  in.  thick,  with  six  rivets  J  in.  diameter,  transverse 
pitch  1^  in.,  longitudinal  pitch,  or  spacing  between  pitch-lines,  l-f\  in. 

1st  joint  broke  through  rivet-holes  with  IS  tons,  or  less. 
2nd      „        „  „  „  „     17     „ 

As  the  rivet-heads  of  these  two  joints  were  small  for  the  holes 
they  covered,  and  as  the  heads  were  a  little  on  one  side,  they  were 
considered  second-class  specimens;  and  two  more  joints  were 
prepared  of  the  same  dimensions,  but  with  rivet-heads  due  to  a 
T\  in.  rivet.     The  following  results  were  obtained  : — 

3rd  joint  broke  through  rivet-holes  at  20J  tons. 
4+1,  21i 

*U1         55  »  55  55  5!      Jl2  55 

These  two  joints  were  considered  first-class  specimens.  The  mean 
shearing  stress  at  fracture  was  thus  18  tons  per  sq.  in.,  and  the  mean 
tensile  stress  16  tons. 

Experiments  were  then  made  on  four  iron  joints  4-^  in.  wide,  and 
7-j-Tg-  in.  thick,  with  four  rivets  j-J-  in.  diameter,  transverse  pitch  2/0-  in. 
longitudinal  pitch  2  in. 

*  In  Volume  liv.,  "  Proceedings  Inst.  Civil  Engineers,"  p.  161,  will  be  found 
experiments  on  two  iron  joints  whose  dimensions  are  all  twice  those  of  the  above 
joints.  They  broke  at  7lT's  tons  and  73;-0  tons,  the  ultimate  tensile  strength  of  the 
iron  being  2H  tons  per  sq.  in. 
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5th  joint  broke  at  connection  to  machine  with  27  tons. 

6th    „  ,,  „  „  „  „      2/2  » 

7th  joint,  the  rivets  were  sheared  aud  plates  cracked  at  rivet-holes  with  28^  tons. 

BID.       „  „  ,,  „  „  )|  ,,  ,,  „        It         „ 

These  four  joints  were  considered  first-class  specimens.  The  mean 
shearing  stress  at  fracture  was  here  18*6  tons  per  sq.  in.,  and  the  mean 
tensile  stress  19*8  tons,  for  the  two  last  joints.* 

All  the  above  joints  were  cut  out  of  one  Best  Best  Staffordshire 
boiler-plate,  whose  ultimate  tensile  strength  was  21  *  6  tons  per  sq.  in. 

The  extra  strength  thus  shown  in  the  joints  with  \\  in.  rivets  is 
believed  to  be  due  to  the  extra  vice-like  grip  of  the  plates  by  the 
larger  rivets,  which  prevents  the  plate  from  bending  so  near  the 
centre  of  the  rivet-hole ;  and  also  to  the  increased  longitudinal 
pitch  of  the  rivets,  which  diminishes  the  angle  at  which  the  plates 
are  bent. 

*  Joints  7  and  8  were  attached  to  the  machine  by  clip-wedges,  all  the  others 
by  joint-pins. 
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Abbott,  T.,  Remarks  on  Feed-Water  Heater  and  Filter,  546. 

Abel,  F.  A.,  Memorandum  on  results  of  experiments  with  thin  discs  of  Steel, 

696. 
Abernethy,  J.,  Vote  of  thanks  to  President  for  Address,  424. 
Accounts,  abstract  of  expenditure  and  receipts  for  year  1880,  16-17. 
Achakd,  A.,  Paper  on  the  Various  modes  of  Transmitting  Power  to  a  distance, 

57. — Eemarks  on  ditto,  100. 
Adams,  VV.  J.,  elected  Member,  408. 

Adamson,  D.,  Remarks  on  Harvesting  machinery,  52 : — on  the  MariDe  Engine, 
501  :— on  Iron  and  Steel  for  Slaps,  571  :— on  Bessemer  Steel  Plant,  637  :— 
on  Compressed  Air  upon  Tramways,  670. 
Addeess  of  Peesident,  Edward  A.  Cowper,  Esq.,  at  Newcastle  meeting,  413. — 
Formation  of  Institution,  with  George  Stephenson  as  first  President,  413. — 
Low  prices,  and  effect  of  foreign  wars,  414. — Damaging  effects  of  excessive 
protective  duties,  415. — Better  and  cheaper  manufacture  needed,  416. — 
Recent  improvements  in  steam  shipping,  416. — Stationary  and  locomotive 
engines,  417. — Automatic  continuous  brakes,  and  railway  signalling, 
418.  —  American  river  and  harbour  improvements,  41S.  —  Lighthouse 
illumination  and  electric  lighting,  419. — Steel  making,  and  steel  sleepers, 
419. — Cast-iron  street  pavement,  420. — Manufacture  of  tin-plates,  casks, 
watches,  420. — Excavating  machinery,  420. — Manufacturing  chemistry 
and  glass  making,  421. — Practical  application  of  discoveries,  422. — 
Honours  conferred  on  engineering  profession,  423. 
Air,  Cooling  &c.     See  Cold  Air. 

Air,  Compressed  Air  upon  Tramways,  649.     See  Compressed  Air. 
Alexander,  E.  D.,  elected  Graduate,  164. 
Allan,  G.,  Remarks  on  Compressed  Air  upon  Tramways,  665. 
Allen,  P.  R.,  elected  Member,  408. 
Andeeson,  J.  L.,  elected  Member,  624. 
Anderson,  W.,  First  Report  on  the  Hardening,  Tempering,  and  AnnealiDg  of 

Steel,  681. 
Angls,  J.,  Welcome  to  members  at  Newcastle  Meeting,  407. 
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Annual  Eeport  of  Council,  10.    See  Keport. 
Archbold,  J.  G.,  elected  Member,  163. 
Aspinall,  J.  A.  F.,  elected  Member,  9. 
Autumn  Meeting,  Manchester,  Business,  623. 

Bale,   M.   P.,   Eemarks    on    Harvesting    machinery,   51 : — on   Stone-dressing 

machinery,  142. 
Barcropt,  H.,  eleoted  Associate,  10, 
Barnett,  J.  D.,  elected  Member,  9. 
Bawden,  W.,  elected  Member,  624. 
Beaumont,  W.  W.,  Remarks  on  Biveted  Joints,  278.  —  Paper  on  Thrashing 

machines,  369. — Remarks  on  ditto,  396,  403,  405. 
Beattie,  A.  L„  elected  Member,  163. 
Beesley,  D.  S.,  eleoted  Graduate,  164. 
Bell,  I.  L.,  Paper  on  the  Tyne  and  Engineering,  425. — Remarks  on  Bessemer 

Steel  Plant,  642,  648. 
Belts  for  transmitting  power.     See  Transmission  of  Power. 
Bennett,  P.  D.,  Remarks  on  Bessemer  Steel  Plant,  644. 
Bergeron,  C,  Remarks  on  Compressed  Air  upon  Tramways,  674. 
Bessemer  Steel  Plant,  627.    See  Steel  Plant. 
Bewick,  T.  J.,  Description  of  Langley  Barony  Lead  Mines,  618. 
Blechyndest,  A.,  elected  Member,  163. 
Bocquet,  W.,  elected  Member,  624. 

Boilers,  Marine.     See  Marine  Engine.    For  iron  or  steel  works,  see  Steel  Plaut. 
Bouch,  Sir  T..  decease,  11. — Memoir,  1. 

Boyd,  W.,  Eemarks  on  Eiveted  Joints,  263. — Paper  on  Slipways,  581. 
Bradley,  T.,  elected  Member,  9. 
Bramwell,  Sir  F.  J.,  Vote  of  thanks  to  President  for  Address,  424. — Eemarks 

on  the  Marine  Engine,  4S6. 
Briggs,  J.  H.,  elected  Member,  624. 
Briggs,  E.,  elected  Member,  624. 
Broadbent,  T.,  decease,  11.— Memoir,  2. 
Brown,  G.  W.,  elected  Member,  408. 
Brunton,  J.  D.,  Paper  on  Stone-dressing  machinery,  133. — Eemarks  on  ditto, 

141,  143,  144. 
Bclkley,  H.  W.,  elected  Member,  624. 
Bcrn,  E.  S.,  elected  Member,  624. 

Chapman,  H.,  Paper  on  the  Farquhar  Filtering  apparatus,  145. 
Checkley,  T..  decease,  11. — Memoir,  2. 
Chilcott,  W.  W.,  elected  Member,  163. 
Clark,  W.,  decease,  11.— Memoir.  3. 
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Clauzel,  Baron  G.,  Taper  on  Riveting,  with  special  reference  to  skip-work,  1G7. 

Clench,  G.  M.,  elected  Graduate,  409. 

Cochrane,  B.,  elected  Member,  409. 

Cochrane,  C,  elected  Vice-President,  30. — Remarks  on  Feed-Water  Heater  and 
Filter,  549:— on  Bessemer  Steel  Plant,  G40. 

Cold  Air,  Paper  on  machines  for  producing  Cold  air,  by  T.  B.  Lightfoot,  105. — 
Cooling  of  air  by  successive  compression,  cooling,  and  expansion,  105. — 
Deposition  of  contained  moisture,  107. — Previous  machines  for  producing 
cold  air,  109.— Kirk's,  109.— Giffard's,  110.— Wind hausen's,  110.— Bell- 
Coleman  refrigerator,  111. — Sturgeon's,  113. — Hick  Hargreaves  and  Co.'s, 
113. — Hall's  modified  Giffard  machine,  114. — Test  experiments,  115. — 
Hall's  smaller  machine,  115. — Dry-air  process  with  double  expansion, 
116. — Hall's  dry  cold-air  machine  with  double  expansion,  118. — Application 
of  cold-air  machines,  120. — Table  of  air  saturation,  122. — Table  of  adiabatic 
compression  or  expansion  of  air,  123. — Table  of  cattle  and  sheep  in 
Australasia,  124. 

Discussion. — Lightfoot,  T.  B.,  Results  of  working  of  vertical  dry-air 
machine,  125  ;  system  applicable  to  compressed-air  engines,  125. — 
Schonheyder,  W.,  Rapid  compression  not  essential  to  generate  heat,  125  ; 
experiments  on  early  Giffard  refrigerator,  125,  12o' ;  objection  to  air 
pressure  behind  piston  packing,  126 ;  amount  of  heat  carried  off  by  the 
cooling  water,  127 ;  system  shown  not  economical,  127. — Gorman,  W.  A., 
Relative  performance  of  ether  and  moist-air  machines  in  making  ice,  127. — 
Kirk,  A.  C,  Success  of  moist-air  and  dry-air  machines,  128. — Crampton, 
T.  R.,  Consumption  of  coal  depends  on  kind  of  engine  used,  128. — Joy,  D., 
Distinction  between  engines  for  cooling  air  and  for  making  ice,  128. — 
Gray,  J.  McF.,  Importance  of  simplicity  and  compactness  on  board  ship, 
128  ;  diagrams  should  show  zero  line  of  pressure,  129. — Williams,  R.  Price, 
Value  of  refrigerators  for  importation  of  food  supply,  129. — Cowper,E.  A., 
Advantage  of  drying  air  by  preliminary  expansion,  130. — Schonheyder,  W. 
Comparison  between  production  of  ice  and  of  cold  air  in  Siddeley  machine, 
130. — Lightfoot,  T.  B.,  Heat  carried  off  by  the  cooling  water  must  fall 
short  of  that  expended  in  compression,  131 ;  cold-air  machines  not  intended 
for  making  ice,  131. — Cowper,  E.  A.,  Why  is  ice  objectionable  in  cold-air 
machines,  132. — Lightfoot,  T.  B.,  Only  from  freezing  up  of  passages, 
132.  —  Cowper,  E.  A.,  Increased  demand  for  cold-air  machines  for 
preservation  of  meat,  132. 

Cole,  J.  W.,  Remarks  on  Stone-dressing  machinery,  144. 

Compressed  Air,  Paper  on  Compressed-Air  Engines  for  Tramways,  by  W.  D. 
Scott-Moncrieff,  649. — Principles  determining  selection  of  motive  power 
for  tramways,  649. — Difficulties  attending  steam,  651. — Description  of 
compressed-air  tramcar,   652. — Construction  of  cylindrical  air-receivers, 
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653.— Problem  of  dealing  with  motive  power  supplied  from  reservoir  of 
compressed  air,  654. — Automatic  apparatus  for  expansion,  656. — Variation 
in  dynamical  duration  of  stroke,  and  application  of  inlet  air-valve,  662. — 
Arrangement  for  extra  starting  power,  663.— Preliminary  beating  of  air 
663. — Board  of  Trade  rules  for  tramways,  664. 

Discussion.— Scott-Moncrieff,  W.  D.,  Principle  of  discharging  exhaust 
air  at  atmospheric  pressure,  664.— Allan,  G.,  Weight  of  vehicle,  and 
gradient,  665.  —  Hughes,  H.,  Kelative  economy  of  steam  and  air  for 
tramways,  665;  difficulties  with  steam,  666  ;  shunting  in  streets,  667; 
working  during  snow,  667  ;  strong  engine  and  strong  road  required,  668  ; 
electricity  as  motive  power  for  tramways,  668 ;  desirability  of  superseding 
horse  traction,  668 ;  success  of  steam  locomotives  on  Glasgow  tramway, 
669. — Adamson,  D.,  Compressed-air  reservoir  of  mild  steel,  670 ;  advantage 
of  multiple  engine,  670 ;  testing  of  air  reservoir,  671 ;  Beaumont's 
compound  compressed-air  engines  for  high  pressures,  671 ;  advantage  of 
superheating  for  air,  672 ;  economy  of  horse  traction,  steam,  and  compressed 
air,  674.— Bergeron,  C,  Working  of  Beaumont's  engine,  674.— Tomlinson, 
J.,  Trial  of  Beaumont's  six-cylinder  engine  on  Metropolitan  Railway,  674  ; 
objection  to  compressed-air  engine  from  absence  of  recuperative  power,  675 ; 
need  of  high  pressures  and  of  heated  air,  676. — Walker,  B.,  Successful 
working  of  Kitson's  steam  tramway  locomotive  in  Leeds,  676. — Lynde, 
J.  G.,  Ditto  at  Blackburn,  676.— Scott-Moncrieff,  W.  D.,  Weight  of  car. 
and  steepness  of  gradient,  676 ;  weight  is  immaterial  in  combined  car, 
677 ;  falls  of  snow,  677 ;  air  reservoirs,  677 ;  Beaumont's  compound 
engine,  677 ;  practical  question  of  beating  compressed  air,  678 ;  doubtful 
economy  of  compressed  air  on  railways,  679 ;  practical  difficulties  with 
high  pressures,  679. 

Compton-Bbacebeidge,  J.  E.,  elected  Graduate,  10. 

Conversazione  at  Newcastle  meeting,  612. 

Cookson,  N.  C,  Paper  on  some  recent  improvements  in  Lead  processes,  527. 
— Remarks  on  ditto,  537. 

Coote,  A.,  elected  Member,  409. 

Copeland,  C.  J.,  elected  Member,  9. — Paper  on  Bessemer  Steel  Plant,  with 
special  reference  to  the  Erimus  Works,  627. — Remarks  on  ditto,  632,  646. 

Cossee,  T.,  elected  Member,  409. 

Ceampton,  T.  R.,  Remarks  on  Machines  for  Cold  air,  128 : — on  Stone-dressing 
machinery,  141  : — on  Farquhar  Filter,  157  : — on  the  Marine  Engine, 
497  :— on  Bessemer  Steel  Plant,  640. 

Ceosland,  J.  F.  L.,  elected  Member,  163. 

Crow,  G.,  Remarks  on  the  Marine  Engine,  484. 

Council  for  1881,  v. — Election,  30. — Retiring  list,  625. — Nominations  for  1882, 
625. 
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Cuwper,  C.  E.,  Remarks  on  Riveted  Joints,  280. 

Cowper,  E.  A.,  re-elected  President,  30.— Remarks  on  re-election,  31  :— on 
Newcastle  meeting,  32  : — on  Harvesting  machinery,  52  :— on  Transmission 
of  Power,  99 :— on  Machines  for  Cold  air,  130,  132  :— on  Stone-dressing 
machinery,  140:  — on  Farquhar  Filter,  159: — on  Riveted  Joints,  2G4,  267, 
268,  270,  280,  282,  285 :— on  Thrashing  machines,  399,  405,  406.— Reply 
to  Mayor's  welcome  at  Newcastle,  408. — Remarks  on  nomination  of 
President,  411. — Address  at  Newcastle  meeting,  413  ;  see  Address.— Note 
on  the  Marine  Engine,  481. —Remarks  on  Printing  machinery,  523, 524  :— 
on  Lead  processes,  536,  537: — on  Feed-Water  Heater  and  Filter,  545, 
548  :— on  Newcastle  and  Leeds  meetings,  623:— on  Bessemer  Steel  Plant, 
636,  645 : — on  Compressed  Air  upon  Tramways,  669,  675. 

D' Alton,  P.  W.,  elected  Member,  409. 

Davidson,  J.,  elected  Member,  163. 

Davies,  J.,  elected  Member,  409. 

Benny,  W.,  Remarks  on  Iron  and  Steel  for  Ships,  558,  579. 

Dowson,  J.  E.,  elected  Member,  409. 

Duckham,  H.,  elected  Member,  9. 

Dunn,  H.  W.,  elected  Member,  624. 

Election,  Council,  30.— Members,  9,  163,  408,  624. 

Ellington,  E.  B.,  Remarks  on  Transmission  of  Power,  99. 

Elswick  Engine  and  Ordnance  Works,  visited  at  Newcastle  meeting,  597. 

Elwell,  T.,  decease,  11. — Memoir,  4. 

Engineering  and  Shipbuilding  Works,  visited  at  Newcastle  meeting,  595,  610, 

615. 
Engines,  Marine,  449.     See  Marine  Engine. 
Erimus  Steel  Works.  627.    See  Steel  Plant. 
Ewen,  T.  B.,  elected  Member,  9. 
Excursions  at  Summer  meeting,  Newcastle,  595. 

Farquhar  Filtering  Apparatus,  145-162.    See  Filter. 

Farquhar,  J.  F.  C,  Remarks  on  Farquhar  Filter,  159,  160. 

Farrar,  S.  H.,  elected  Member,  624. 

Feed- Water  Heater  and  Filter,  Paper  on  a  Feed- Water  Heater  and  Filter  for 
stationary  and  locomotive  boilers,  by  G.  S.  Strong,  539.— Soluble  and 
insoluble  substances  in  water,  539. — Temporary  and  permanent  hardness 
of  water,  540. — Table  of  solubility  of  sulphate  of  lime  at  different 
temperatures,  541. — Principle  of  feed-water  heater,  541. — Description  of 
heater,  542. — Filter,  543. — Adaptation  for  condensing  engines,  543. — 
Adaptation  to  locomotive  boilers,  544. — Examples  of  application,  544. 
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Discussion. — Strong,  G.  S.,  Process  of  blowing-off  for  cleaning  filter, 
545;  simpler  arrangement  of  tubes,  545;  application  to  locomotives  in 
England,  546. — Richardson,  W.,  Filtering  sewage  water  for  feeding  bcilers 
546. — Greig,  D.,  Extra  beating  of  feed-water  seems  right  course,  547. — 
Eich,  W.  E.,  Exhaust  pipe  not  hot  enough  to  heat  hot-well  water,  547. — 
Abbott,  T.,  Mode  of  withdrawing  filter  from  casing,  547. — Cowper,  E.  A., 
Use  of  filter  with  bad  water,  548. — Head,  Jeremiah,  Is  precipitation  of  all 
dissolved  substances  by  heat  a  fact,  548. — Cochrane,  C,  Condensed  water 
may  be  used  again  with  caustic  soda,  549. — Pattinson,  H.  L..,  Insolubility 
of  sulphate  of  lime  in  hot  water,  549. — Strong,  G.  S.,  Use  of  water  from 
hot-well,  550 ;  separation  of  sulphate  of  lime,  550  ;  prevention  of  corrosion 
inside  heater,  550 ;  mode  of  changing  the  filter,  551. 

Ferguson,  "VV.,  elected  Member,  163. 

Fernie,  J.,  Remarks  on  Transmission  of  Power,  93. 

Filter,  Paper  on  the  Farquhar  Filtering  apparatus,  by  H.  Chapman,  145. — 
Difficulties  of  mechanical  filtration  for  sewage,  145. — Principle  of 
continuous  removal  of  fouled  filtering  surface,  146. — Description  of 
Farquhar  filter,  146. — Results  of  experimental  working,  148. — Filtration 
of  sewage  and  night-soil  in  Paris,  14S. — Filtration  of  sugar  juice,  149. — 
Filtration  of  "turbid  river  water,  150. — Application  of  system  to  sewage, 
150: — to  waterworks,  151:  —  to  manufactures,  153. — Advantages  of 
sawdust  as  filtering  material,  153. 

Discussion. — Hawksley,  T.,  Slow  filtration  essential  for  potable  water, 
155 ;  filtration  partly  chemical,  156  ;  rapid  filtration  applicable  for 
sewage  &c,  but  not  for  waterworks,  156. — Crampton,  T.  R.,  Sewage  must 
be  pumped  into  filtering  apparatus,  157. — Hawksley,  T.,  Filtration  under 
pressure  not  new,  but  continuous  scraping  of  filter-bed  is,  157;  sawdust 
must  not  impart  taste  or  smell  to  water,  157. — Newman,  F.,  Filtration  of 
flood  water  containing  clay,  157. — Hawksley,  T.,  Slow  filtration  necessary 
for  perfect  clearness,  158.  —  Newman,  F.,  Objections  to  slow  filtration, 
158. — Piatt,  S.  R.,  Has  filter  been  applied  to  water  from  coal-washing, 
159. — Cowper,  E.  A.,  Is  apparatus  at  work  at  Barclay's  brewery,  159. — 
Farquhar,  J.  F.  C,  Not  now  at  work,  and  of  different  construction,  159. — 
Cowper,  E.  A.,  Filtration  of  turbid  river  water,  159. — Farquhar,  J.  F.  C, 
Success  of  rapid  filtration,  159 ;  difference  between  sand  and  sawdust,  160  ; 
inodorous  sawdust  for  filtering  potable  water,  160 ;  arresting  of  suspended 
clay  matter  by  sawdust  filter,  161 ;  filtration  of  water  from  coal-washing, 
161 ;  depth  of  filter-beds,  161. — Hawksley,  T.,  Shingle  under  sand  filter- 
beds  is  only  to  support  sand,  161. 

Filter  and  Heater  for  Feed- Water.     See  Feed- Water  Heater  and  Filter. 

Fletcher,  L.  E.,  Remarks  on  Riveted  Joints,  274,  279,  2S0,  282. 

Fox,  S.,  Remarks  on  the  Marine  Engine,  493. 
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Gasholders  at  Manchester  Gas  Works,  626. 

Girdwood,  W.  W.,  elected  Member,  163. 

Gorman,  W.  A.,  Remarks  on  Machines  for  Cold  air,  127. 

Gray,  J.  McF.,  Eemarks  on  Harvesting  machinery,  52 : — on  Machines  for  Cold 

air,  128. 
Greig,  D.,  elected  Member  of  Council,  30. — Remarks  on  Feed- Water  Heater  and 

Filter,  546. 

Hall,  J.  P.,  elected  Member,  163. 
Hall,  W.  S.,  Remarks  on  Riveted  Joints,  2G9. 
Halpin,  D.,  Remarks  on  Riveted  Joints,  273. 
Hardingham,  G.  G.  M.,  elected  Member,  163. 

Harvesting  Machinery,  Paper  on  Harvesting  machinery,  by  E.  Samuelson, 
34. — Classification  of  harvesting  machines,  34. — Mowing  machines,  35. — 
Cutting  apparatus,  35.  —  Parallel  lift  of  cutter  bar,  38.  —  Balance 
arrangement  for  draught,  39. — General  features  of  design,  39. — Speed  and 
throw  of  knife,  40. — Reaping  machines,  40. — Manual  back-delivery  reaper, 
41. — Combined  mower  and  manual  reaper,  41. — Automatic  back-delivery 
reaper,  42. — Side-delivery  reapers,  43. — Combined  mower  and  side-delivery 
reaper,  45. — Automatic  sheaf-binders,  45. — Different  forms  of  wire-binding 
mechanism,  47. — Ditto  of  string-binding  mechanism,  49. — Difficulties  in 
automatic  binders,  51. 

Diseussion. — Samuelson,  E.,  Models  of  machines  &c,  52.— Cowper, 
E.  A.,  Diagrams  are  a  sample,  52. — Gray,  J.  McF.,  Colouring  of  diagrams, 
52. — Adamson,D.,  Tractive  power  for  different  crops  &c,  52 ;  what  becomes 
of  wire,  and  how  are  wire-bound  sheaves  undone,  53. — Rich,  W.  E.,  Draught 
and  other  statistics  for  reaping  machines,  53. — Bale,  M.  P.,  Circular  saw 
for  cutting  fingers,  54 ;  cutting  of  crops  high  above  ground,  54. — Paget,  A., 
Unexplored  ground  in  this  subject,  54. — Samuelson,  E.,  Pliers  for 
undoing  wire-bound  sheaves,  54 ;  string-binders  preferable,  55  ;  machines 
cutting  high  above  ground,  55 ;  saw  for  slotting  fingers,  55. 
Haslam,  A.  S.,  elected  Member,  9. 

Hawksley,  T.,  Remarks  on  Farquhar  Filter,  155,  157,  158,  159,  161. 
Hawthorn,  T.,  decease,  11. — Memoir,  4. 

Head,  Jeremiah,  Remarks  on  Riveted  Joints,  269,  270,  279 : — on  Thrashing 
machines,  396 : — on  the  Marine  Engine,  495 : — on  Feed- Water  Heater  and 
Filter,  548  :— on  Bessemer  Steel  Plant,  640. 
Heater  and  Filter  for  Feed- Water.     See  Feed- Water  Heater  and  Filter. 
Hughes,  E.  W.  M.,  elected  Member,  624. 
Hughes,  H.,  Remarks  on  Compressed  Air  upon  Tramways,  665,  669. 

Iron  and  Steel  for  Ships,  553.    See  Ships. 
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Jackson,  F.  W.,  elected  Member,  409. 

Jameson,  J.,  elected  Member,  163. — Paper  on  Printing  machinery,  511. — Eemarks 

on  ditto,  523,  524,  525. 
Jefferiss,  T.,  elected  Member,  9. 

John,  W.,  Eemarks  on   Kiveted  Joints,  271  : — on  Iron  and  Steel  for  Ships,  564. 
Joints,  Riveted.    See  Riveting. 
Jones,  H.  E.,  elected  Member,  409. 
Jot,  D.,  Remarks  on  Machines  for  Cold  air,  128. 

Kendal,  E,  elected  Member,  409. 

Kennedy,  A.  B.  W.,  Paper  on  results  of  experiments  on  Riveted  Joints,  made 

for  the  Institution  of  Mechanical   Engineers,   205. — Remarks  on  ditto, 

258,  287. — Report  on  further  experiments  on  Riveted  Joints,  series  IX., 

712. 
Kirk,  A.  C,  Remarks  on  Machines  for  Cold  ah-,  128 : — on  the  Marine  Engine, 

479. 
Knight,  R.  V.  J.,  Memorandum  of  experiments  on  Lap-Joints,  with  Rivets  of 

different  sizes,  720. 

Laing,  A.,  elected  Member,  624. 

Langdon,  W.,  elected  Member,  409. 

Lange,  F.  M.  T.,  elected  Member,  163. 

Langlet  Barony  Lead  Mines,  visited  at  Newcastle  meeting,  618. 

Lavalley,  A.,  elected  Member,  409. 

Lawson,  J.  I.,  elected  Graduate,  10. 

Lead  Processes,  Paper  on  some  recent  improvements  in  Lead  processes,  by 
N.  C.  Cookson,  527. — Stationary  nature  of  lead  processes,  527. — Pattinson 
desilverizing  process,  528. — Rozan  steam  desilverizing  process,  529. — 
Advantages  and  disadvantages  of  ditto,  532. — Zinc  process  of  desilverizing, 
532. — Rolling  or  milling  of  lead,  534. — Circular  knives  for  dressing  off 
finished  sheet,  535. 

Discussion. — Pattinson,  H.  L.,  Principle  of  his  father's  process,  536. — 
Cowper,  E.  A.,  Rozan  process  in  operation,  436. — Rich,  W.  E.,  Low  specific 
heat  and  latent  heat  of  lead,  536. — Cookson,  N.  C,  Corroboration  from 
practice,  537  ;  Rozan  process  makes  softer  and  purer  lead  than  Pattinson 
process,  537. 

Library,  Napier  bequest,  13,  18-20.— Donations  in  1880,  20-29. 

Lightfoot,  T.  B.,  Paper  on  Machines  for  producing  Cold  air,  105. — Remarks  on 
ditto,  125,  130, 132. 

List,  J.,  elected  Member,  409. 

Lockyer,  N.  J.,  elected  Graduate,  164. 

Locomotives  upon  Tramways,  649.    See  Compressed  Air. 
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Lonqeidge,  K.  C,  Remarks  on  Riveted  Joints,  2(J6,  267,  2G8. 

Lowood,  J.  G.,  elected  Associate,  409. 

Lynde,  J.  G.,  Remarks  on  Compressed  Air  upon  Tramways,  676. 

Macdonald,  R.  M.,  elected  Graduate,  10. 

Machines  for  producing  Cold  air,  105-132.    See  Cold  air.' 

Maie,  J.  G.,  Remarks  on  Transmission  of  Power,  97. 

Mallory,  G.  B.,  elected  Member,  624. 

Marine  Engine,  Paper  on  the  Progress  and  development  of  the  Marine  Engine, 
by  F.  C.  Marshall,  449. — Former  paper  by  Sir  Frederick  Bramwell,  449. — 
Subsequent  progress  realised,  450.  —  Table  of  particulars  and  fuel 
consumption  of  compound  marine  engines,  452. — Compound  two-cylinder 
vertical  engine,  with  receiver,  450. — Single  Woolf  or  tandem  engine,  with 
single  crank  and  fly-wheel,  453. — Double  and  triple  tandem  engines,  453. — 
Three-cylinder  Woolf  engine,  453. — Three-cylinder  intermediate-receiver 
compound  engine,  454. — Three  principal  types  of  compound  engine,  455. — 
Marine  boiler,  single-ended  and  double-ended,  455. — Holt's  double-ended 
boiler,  456. — Navy  boiler,  457. — Thornycroft's  boiler,  locomotive  type, 
457.— Perkins'  boiler,  458. — Steel  boilers,  458. — Corrosion  of  boilers,  459. — 
— Superheating  of  steam,  460. — Present  demand  for  largely  increased 
power,  460. — "Weight  of  machinery,  water,  and  fuel,  460. — Consumption 
of  fuel,  463.— Letter  of  Mr.  Alfred  Holt,  463.— Efficiency  and  safety,  465.— 
Locomotive  boiler  with  forced  draught,  469. — Economy  from  higher 
pressures  of  steam,  471. — Losses  with  high  pressure,  472. — Surface 
condenser,  474. — Air  and  circulating  pumps,  474. — Use  of  steel  for 
shafts,  475. —  Steel  castings,  crank-shafts,  and  propeller-blades,  476. — 
Screw  propellers,  476. — Summary  of  progress,  477. 

Discussion. — Marshall,  F.  C,  Saving  in  fuel  greater  from  inferior  coal 
now  used,  479. — Kirk,  A.  C,  Steam  pressure  and  expansion  quite  high 
enough  in  present  engines,  479  ;  coal  economy  has  not  kept  pace  with 
increased  weight  and  cost  of  engines,  480 ;  distinction  between  Woolf 
engine  and  receiver  engine,  480  ;  multiplication  of  engines,  4S1 ;  reduction 
in  weight  of  engines,  481  ;  origin  of  three-cylinder  compound  engine, 
482 ;  boilers,  marine  and  locomotive  type,  482 ;  circulation  of  water  in 
condensers,  483 ;  steel  castings,  and  testing  of  cast-steel  pistons,  483 ; 
size  of  screw-propeller,  4S3.— Crow,  G.,  Handling  of  single-crank  tandem 
engines,  484 ;  relative  economy  of  AVoolf  and  receiver  engine,  484. — 
Rogerson,  J.,  Economical  results  from  Perkins  boiler,  485 ;  soundness  of 
steel  castings,  486. — Bramwell,  Sir  F.  J.,  Mode  of  ascertaining  indicated 
horse-power,  486  ;  result  of  trial  of  Perkins  engines,  486 ;  construction  of 
surface  condenser,  487 ;  use  of  forced  draught  with  anthracite  coal,  487. — 
Parker,  W.,  Reduction  in  fuel  consumption  must   become   slower,  487 ; 
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pressures  in  present  marine  boilers,  4S8  ;  boiler  shells  in  solid  rings,  488 ; 
difference  between  Board  of  Trade  and  Lloyd's  rules  for  strength  of 
boilers,  488  ;  two  screws  better  for  large  steamers,  489.— Eich,  W.  E., 
Tables  should  give  weight  of  steam  used,  490 ;  use  of  Froude's  marine 
dynamometer  for  the  screw-propeller,  490  ;  improved  valve^gear  and  valves, 
491 ;  reduction  of  condensing  surface,  491. — Nichol,  B.  G.,  Three  views  as 
to  future  of  the  marine  engine,  491 ;  advantages  of  single  engine,  492  ; 
economical  results  of  compound  engines,  492 ;  improvement  by  forced 
draught,  492  ;  means  of  checking  coal  consumption  and  supply,  493. — 
Fox,  S.,  Corrugated  flues,  number  made,  evaporative  power,  and  mode  of 
manufacture,  493. — Head,  Jeremiah,  Higher  boiler  pressure  calls  for  higher 
temperature  in  firebox,  495  ;  loss  of  heat  through  nitrogen,  496  ;  strength 
of  boiler  as  affected  by  plates  breaking  joint,  496  ;  factor  of  safety  should 
be  determined  by  elastic  limit,  497. — Crampton,  T.  K.,  Economy  of  boiler 
and  engine  should  be  separated,  497 ;  advantages  of  single  engine,  498 ; 
circulation  of  condensing  water  by  pressure  or  by  suction,  498 ;  advantages 
of  self-acting  firing,  and  use  of  dust-fuel,  49S. — Reynolds,  E.,  Irregular 
power  from  single  engine,  499 ;  comparison  of  locomotive  type  of  boiler 
for  locomotive  and  marine  purposes,  500 ;  necessity  for  sufficient  area  of 
water  surface,  501. — Adamson,  D.,  Selection  of  best  type  of  marine  engine, 
501  ;  percussive  action  of  single  engine,  502 ;  advantages  of  quadruple 
engine,  502  ;  riveted  joints,  and  use  of  corrugated  flues,  504. — Marshall, 
F.  C,  Practical  limit  of  steam  pressure,  504 ;  dead-weight  capacity  and 
measurement  capacity,  505  ;  light  engines  might  be  best,  though 
necessarily  costly,  505  ;  locomotive  type  of  boiler,  506 ;  difference  of  coal 
consumption  in  Woolf  and  receiver  engines,  507 ;  accuracy  of  tabulated 
results,  507 ;  results  of  Perkins  boiler  and  engine,  508 ;  restrictions  by 
Board  of  Trade  and  by  Lloyd's,  508  ;  corrugated  flues,  50S  ;  importance  of 
coal  consumption  in  marine  engines,  509. 

Marshall,  F.  C,  Paper  on  the  Marine  Engine,  449. — Remarks  on  ditto,  479, 504. 

Marshall,  W.  E.,  decease,  11. — Memoir,  5. 

Maktell,  B.,  Remarks  on  Iron  and  Steel  for  Ships,  561. 

Martin,  E.  P.,  elected  Member,  163. 

McGregor,  J.,  elected  Member,  624. 

McKay,  J.,  elected  Member,  163. 

Meik,  C.  S.,  elected  Member,  624. 

Memoirs  of  Members  deceased  in  1880,  1. 

Messent,  P.  J.,  Description  of  River  Tyne  improvements,  612. 

Metsey-Thompson,  A.  H.,  elected  Member,  163. 

Mili.es,  R.  S.,  elected  Graduate,  164. 

Molixos,  L.,  elected  Member,  409. 

Moxcrieff,  "W.  D.  Scott-,  Compressed  Air  upon  Tramways,  649.     See  Scott- 
Moncrieff. 
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Morin,  General  A.  J.,  decease,  11. — Memoir,  5. 
Mowing  Machines.  See  Harvesting  machinery. 
Musgrave,  J.,  elected  Member,  164. 

Nesfield,  A.,  elected  Member,  624. 

Newbukn  Steel  Works,  visited  at  Newcastle  meeting,  607. 

Newcastle  Daily  Chronicle  Office,  visited  at  Newcastle  meeting,  609. 

Newcastle  Meeting,  Announcement,  32, 165. — Meeting,  407. — Reception,  407. — 

Business,  408. — Votes  of  tbanks,  412.— Excursions  &c.,  595. 
Newman,  F.,  elected  Member,  409. — Remarks  on  Farquhar  Filter,  157,  158. 
Newspaper  Printing  Machine.     See  Printing  machinery. 
Nichol,  B.  G.,  elected  Member,  164. — Remarks  on  the  Marine  Engine,  491. 
Nomination  of  President,  411,  625. 
Nouris,  M.  O.,  elected  Graduate,  409. 
Nursey,  P.  F.,  Remarks  on  Printing  Machinery,  523. 

Olrick,  H.,  Note  on  use  of  steam  and  hot  water  for  transmitting  heat  and 

power,  96. 
Olrick,  L.,  decease,  11. — Memoir,  6. 
Oswell,  W.  St.  J.,  elected  Graduate,  624. 

Paget,  A.,  elected  Member  of  Council,  30. — Remarks  on  Harvesting  machinery, 

54 : — on  Transmission  of  Power,  99. 
Palmer,  C.  B.,  elected  Member,  9. 

Palmer's  Shipbuilding  and  Iron  Works,  visited  at  Newcastle  meeting,  610. 
Papers  read  at  Meetings,  33,  164-165,  410-411,  626. 
Parker,  W.,  Remarks  on  the  Marine  Engine,  487. 
Parrington,  M.  W.,  Description  of  Wearmouth  Colliery,  615,  616. 
Parry,  H.,  elected  Member,  624. 
Patterson,  A.,  elected  Member,  9. 
Pattinson,  H.  L.,  Remarks  on  Lead  processes,  536:— on  Feed- Water  Heater 

and  Filter,  549. 
Pattinson,  J.,  elected  Member,  9. 
Peacock,  Richard,  elected  Member  of  Council,  30. 
Pendred,  V.,  Remarks  on  Thrashing  machines,  400. 
Phdlipson,  J.,  elected  Member,  409. 
Platt,  S.  R.,  Remarks  on  Farqubar  Filter,  159. 
Power  Transmission,  57-104.     See  Transmission  of  Power. 
President's  Address  at  Newcastle  meeting,  413.     See  Address. 
Price,  J.,  Paper  on  Iron  and  Steel  as  constructive  materials  for  Ships,  553. — 

Remarks  on  ditto,  574. 
Printing  Machinery,  Paper  on  Printing  machinery,   by  J.  Jameson,   511.— 
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Platen,  Cylinder,  and  Rotary  machines,  512.  —  Making  of  stereotype 
plates,  514. — Type  setting,  515. — Stereotyping,  515.  —  Rapidity  of  work, 
516. — Printing  machine  for  Newcastle  Daily  Chronicle,  517.  —  Gathering 
and  folding  apparatus,  520. — Hydraulic  lifts,  &c,  522. — Advantages  of 
Hoe  printing  machine,  522. 

Discussion. — Steavenson,  A.  L.,  How  are  wood-cuts  introduced  in 
newspapers,  523. — Cowper,  E.  A.,  Can  wood-cuts  be  stereotyped,  523. — 
Jameson,  J.,  Wood-cuts  can  be  stereotyped  to  limited  extent,  523. — Nursey, 
P.  F.,  Illustrated  newspapers  usually  not  printed  on  rotary  machines,  523. — 
Shaw,  H.  S.  H.,  Changing  of  blanket  on  impression  roller,  524. — Jameson, 
J.,  Blanket  changed  bodily,  524. — Cowper,  E.  A.,  Ink  distribution,  524 ; 
width  of  paper  and  springing  of  cylinders,  &c,  524  ;  casting  of  stereotype 
plates,  525. — Jameson,  J.,  Absence  of  spring  in  impression  cylinder,  525. 

Rahsden,  Sir  J.,  elected  Member  of  Council,  30. 

Reaping  Machines.     See  Harvesting  machinery. 

Redpath,  F.  R.,  elected  Member,  164. 

Reed,  C.  H.,  elected  Member,  9. 

Rennie,  G.  B.,  elected  Member  of  Council,  30. 

Rennoldson,  J.  M.,  elected  Member,  164. 

Report  of  Council,  10. — Number  of  Members,  10. — Deceases,  resignations,  &c, 
11. — Financial  statement,  12,  16-17. — Research,  12. — Napier  bequest  and 
donations  to  Library,  13,  18-29. — List  of  Papers,  14. — Attendances  &c. 
at  meetings,  14. 

Reynolds,  E.,  Remarks  on  the  Marine  Engine,  499. 

Rich,  W.  E.,  Remarks  on  Harvesting  machinery,  53  : — on  Transmission  of 
Power,  98  : — on  Thrashing  machines,  398,  400  : — on  the  Marine  Engine, 
489  : — on  Lead  processes,  536  : — on  Feed- Water  Heater  and  Filter,  547. 

Richardson,  G.,  elected  Member,  624. 

Richardson,  W.,  Remarks  on  Feed- Water  Heater  and  Filter,  546. 

Riveted  Joints.    See  Riveting. 

Riveting,  Paper  on  Riveting,  with  special  reference  to  ship-work,  by  M.  Le  Baron 
G.  Clauzel,  167. — Fundamental  principle  in  riveting,  168. — General 
formula?,  169. — Practical  formulae,  173. — Application  of  practical  formulae, 
177. — Width  of  joints,  183. — Buct  joints,  184. — Proportion  of  strength, 
185.  —  Narrowing  towards  edge,  186.  —  Diameter  of  rivets,  187. — 
Determination  of  constants,  188. — Diameter  of  rivets,  1S9. — Pitch,  190. — 
Calculation  for  joint  with  maximum  strength,  191. — Joint  with  given 
proportion  of  strength,  194. — Keelson  joints,  with  water-tight  frame- 
plates,  196.  —  Weakening  of  plates  at  points  of  attachment,  197. — 
Strengthening-plates  for  shell  plating,  199. — Riveting  of  corner  angle- 
irons,  200. — Influence  of  corrosion,  201. — Reduction  in  width,  201. — 
Tabulated  summary  of  formulae,  203. 
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Kivetinv.,  Taper  on  results  of  experiments  on  Riveted  Joints,  made  for  the 
Institution  of  Mechanical  Engineers,  by  A.  B.  W.  Kennedy,  205. — 
Materials,  preparation,  and  testing  of  specimens,  205. — Tenacity  of  plates, 
206. — Elasticity,  208. — Tenacity  of  rivet  steel,  213. — Shearing  strength 
of  rivet  steel,  214. — Punching  and  drilling,  215. — Tension,  shear,  and 
bearing  pressure,  219. — Margin  and  pitch,  222. — Final  series  of  experiments 
on  riveted  joints,  224.  —  General  results,  229.  —  Tabulated  details  of 
experiments,  Tables  I. — XXV.,  232-256.  —  Note  respecting  pitch  and 
diameter  of  rivets,  257. 

Discussion. — Kennedy,  A.  B.  W.,  Experiments  on  shearing  of  actual 
rivets  in  plates,  258. — Tvveddell,  R.  H.,  Rules  of  practice  for  riveted  joints 
in  iron,  258  ;  elastic  life  of  iron  or  steel,  259 ;  limit  of  fatigue,  259  ;  margin 
and  pitch,  260. — Webb,  F.  W.,  Caulking  and  sponging  of  riveted  joints, 
260 ;  internal  corrosion  in  iron  cattle-ships,  261  ;  wider  angle-irons  for 
locomotive  boilers,  261  ;  failure  of  Livadia's  boiler-plates,  262  ;  treatment 
of  steel  plates  for  boilers,  263. — Boyd,  W.,  Early  set  of  steel  in  testing, 
263 ;  increased  strength  of  steel  after  punching  or  drilling,  264. — Cowper, 
E.  A.,  Early  permanent  set  in  iron  tie-rods,  264. — Traill,  T.  W.,  Uniform 
width  and  length  desirable  for  test  specimens,  264 ;  elastic  limit  should  be 
beginning  of  set,  265 ;  experimental  shearing  results  are  much  higher 
than  in  actual  joints,  265  ;  measurement  of  diameter  of  rivet  holes,  265. — 
Longridge,  R.  C,  High  proportional  strength  of  steel  joints  as  compared 
with  iron,  266;  increase  of  strength  due  to  perforation  of  plates,  267; 
natural  tenacity  of  plates,  267. — Cowper,  E.  A.,  Reduced  area  of  section 
at  point  of  fracture,  268. — Longridge,  R.  C,  Perforation  equalises  intensity 
of  strain,  268.  —  Schonheyder,  W.,  Objection  to  mode  of  testing  for 
shearing,  268. — Hall,  W.  S.,  Experiments  and  practioe  coincide  tolerably 
as  to  pitch,  but  not  as  to  diameter,  269 ;  weakening  of  joints  by  corrosion, 
269. — Head,  Jeremiah,  Early  commencement  of  permanent  set,  269  ;  joints 
are  tested  straight  in  experiments,  but  are  curved  in  many  structures,  270  ; 
evil  of  bending  cold  after  punching,  270. — John,  W.,  Elastic  curve  of  iron 
as  compared  with  steel,  271  ;  effect  of  punching  on  thin  and  thick  plates, 
272  ;  difference  between  testing  a  narrow  strip  and  a  wide  plate,  273. — 
Halpin,  D.,  Difference  between  limit  of  tensile  strength  and  actual 
breaking  stress,  273. — Fletcher,  L.  E.,  Particulars  of  hydraulic  bursting 
tests  on  experimental  boiler,  274  ;  strength  of  test  strips,  275 ;  comparison 
between  hydraulic  bursting  and  machine  tests,  276 ;  strength  of  single- 
riveted  lap-joint,  276 ;  greater  strength  of  joints  in  boiler  than  in  test 
strips,  276 ;  punched  plates  really  stronger  than  plain  plates,  277 ;  3-in. 
pitch  of  rivets  sufficient  for  tightness,  277;  cracking  of  plates  at  inner 
edge  of  lap  joints,  278.— Beaumont,  W.  W.,  Minuteness  of  early  permanent 
set,  278. — Schonheyder,  W.,  Rivets  pitched  wide  longitudinally  may  have 
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narrow  pitch  diagonally,  279. — Fletcher,  L.  E.,  Wider  pitch  and  larger 
rivets  would  make  stronger  joint,  279. — Head,  Jeremiah,  Effect  of 
large  or  small  hole  in  bolster,  279. — Fletcher,  L.  E.,  Punched  plates 
stretched  less  than  solid  plates,  280 ;  tabulated  results  of  tests  on  punched 
plates,  280. — Cowper,  E.  A.,  Very  little  apparent  difference  between  large 
bolster  and  small,  280. — Cowper,  0.  E.,  Enquired  effect  of  narrowing  test 
strips  to  a  waist,  280. — Fletcher,  L.  E.,  Narrowing  would  give  better 
result,  2S2. — Cowper,  E.  A.,  Confirmation  from  experiment,  2S2. — Willis, 
E.  H,,  Experiments  on  tenacity  of  screwed  bolts,  282. — Unwin,  W.  C,  Size 
of  speoimens  has  very  little  influence  on  results,  283 ;  gain  of  strength  in 
drilled  and  punched  plates,  283  ;  probably  due  to  diminished  contraction  of 
area,  284  ;  bearing  pressure  may  be  neglected  in  designing  riveted  joints, 
285. — Cowper,  E.  A.,  Early  commencement  of  permanent  set  not  serious, 
285 ;  injury  to  boiler  plates  by  bending,  285 ;  smalluess  of  friction  in 
shearing  apparatus,  286 ;  testing  machines  at  Barrow  Steel  Works  and  at 
University  College,  286 :  measurement  of  extensions  by  reflection  from 
mirror,  286. — Kennedy,  A.  B.  W.,  Difference  between  results  with  steel 
joints,  and  actual  proportions  of  iron  joints,  287  ;  chief  inferences  from 
experiments,  287;  single-riveted  joint  in  thick  steel  plate  will  be  no 
stronger  than  in  iron,  288 ;  very  early  commencement  of  permanent  set, 
288 ;  difference  between  ordinary  iron  boiler-plate  and  mild  steel,  289 ; 
friction  in  shearing  apparatus  for  rivets,  289 ;  modulus  of  elasticity  is 
constant  under  varying  strains,  290  ;  correspondence  between  permanent  set 
in  steel  and  in  very  ductile  iron,  290  ;  determination  of  limit  of  elasticity, 
290;  difference  in  fractured  areas  is  not  cause  of  difference  between 
perforated  and  unperforated  plates,  291. 

Riveting,  Table  showing  rules  of  practice  used  by  various  manufacturers  for  Iron 
Kiveted  Joints,  compiled  by  R.  H.  Tweddell,  293-299.— Single-riveted  lap- 
joints,  293-295.— Double-riveted  lap-joints,  296-299. 

Riveting,  First  Report  to  the  Council  of  the  Committee  on  the  form  of  Kiveted 
Joints,  W.  C.  Unwin  reporter,  301. — Table  of  contents,  301. — Reporter's 
preface,  302. — List  of  memoirs  consulted,  303. — History  of  experiments  on 
riveting,  305. — Straining  action  on  riveted  joints,  317. — Apparent  tenacity 
of  material,  318. — Tenacity  of  iron  and  steel  plates,  321. — Apparent  tenacity 
of  punched  and  drilled  plates,  321. — Apparent  tenacity  of  annealed  and 
rimered  plates,  325. — Apparent  shearing  resistance  of  rivet  iron  and  steel, 
325. — Friction  of  riveted  plates,  327. — Pressure  on  bearing  surface  of  rivet, 
329. — Pin  connections,  333. — Diameter  of  rivets,  334. — Overlap,  and 
distance  from  rivet  to  edge,  336. — Experiments  on  riveted  joints,  338. — 
Single-riveted  lap  joints  of  iron,  339. — Single-riveted  butt  joints  of  iron, 
343. — Double-riveted  lap  and  butt  joints  of  iron,  345. — Shearing  resistance 
of  iron  and  steel  rivets  in  steel  plates,  348. — Tearing  resistance  of  steel 
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lap  joints,  851. — Tearing  resistance  of  stool  butt  joints,  355.— Appendix  I., 
bending  action  on  thick  plates  in  joints,  357. — Appendix  II.,  suggestions 
for  experiments  on  riveted  joints,  3G0 ;  tenacity  of  plates,  301  ;  shearing 
resistance  of  rivet  steel,  3G2  ;  precautions  suggested  by  previous 
experiments,  3G2;  influence  of  mode  of  making  rivet  holes,  3G3;  influence 
of  crushing  pressure,  365  ;  influence  of  bending  action,  367. 

Riveting,  Eeport  on  further  experiments  on  Kiveted  Joints,  series  IX.,  by 
A.  B.  W.  Kennedy,  712. — Description  of  f  in.  steel  joints,  712. — Summary 
of  results  of  testing,  713. — Joints  cut  across  the  plates,  715. — Slipping  in 
testing,  715. — Different  proportions  necessary  for  iron  and  steel  joints, 
716. — Impossible  to  break  steel  joints  in  boilers,  716. — Results  of 
experiments,  Tables  XXVI.  and  XXVII.,  717-719. 

Eiveting,  Memorandum  of  experiments  on  Lap-Joints,  with  Rivets  of  different 
sizes,  by  R.  V.  J.  Knight,  720. 

Roberts,  W.  Chandler,  Memorandum  on  results  of  experiments  on  Steel,  with 
reference  to  Occluded  Gases,  706. 

Rogers,  P.  P.,  elected  Graduate,  164. 

Rogerson,  J.,  Remarks  on  the  Marine  Engine,  485 : — on  Iron  and  Steel  for  Ships, 
562. 

Ropes  for  transmitting  power.    See  Transmission  of  Power. 

Ross,  W.,  elected  Member,  164. 

Samuelson,  E.,  Paper  on  Harvesting  machinery,  34. — Remarks  on   ditto,  52, 

54.— Elected  Member,  1G4. 
Sanders,  H.  C,  elected  Member,  409. 
Sandipord,  0.,  elected  Member,  9. 
Schonhetder,  W.,  Remarks  on  Transmission  of  Power,  94 : — on  Machines  for 

Cold  air,  125,  130  :— on  Riveted  Joints,  268,  279. 
Scott,  E.,  elected  Graduate,  409. 
Scott,  G.  I,  elected  Member,  624. 
Scott,  J,  elected  Member,  409. 

Scott-Moncrieff,  W.  D.,  Paper  on  Compressed  Air  upon  Tramways,  649. — 
Remarks  on  ditto,  6G4,  676. 

Selbt,  M.,  decease,  11.— Memoir,  6. 

Sennett,  R.,  elected  Member,  164. 

Shanks,  W.  W.,  elected  Member,  9. 

Shapton,  W.,  elected  Member,  409. 

Shaw,  H.  S.  H.,  Remarks  on  Printing  machinery,  524. 

Shaw,  J.,  elected  Member,  624. 

Shaw,  W.,  Jun.,  elected  Member,  409. 

Ships,  Paper  on  Iron  and  Steel  as  constructive  materials  for  Ships,  by  J.  Price, 
553. — Proper  mode  of  comparing  iron  and  steel  ships,  553. — Water-ballast 
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trim,  554.— Relative  price  of  iron  and  steel,  554. — Modes  of  regarding  the 
increased  dead-weight  capacity  in  steel  ship,  555. — Appendix,  comparison 
between  quantities  and  cost  for  a  given  vessel  in  iron  and  steel,  556. 

Discussion. — Denny,  W.,  Mode  of  calculating  reduction  in  weight  by 
substitution  of  steel  for  iron,  558  ;  correction  of  figures  in  paper,  559 ; 
labour  not  reduced  by  use  of  steel,  559  ;  allowance  to  be  made  for  scrap, 
560 ;  structural  cellular  form  for  water-ballast  tanks,  560.— Martell,  B., 
Commercial  advantage  in  favour  of  steel  ship,  561 ;  water  ballast,  561  ; 
measurement  capacity  no  greater  in  steel  ship  than  in  iron,  562. — 
Eogerson,  J.,  Particulars  of  steel  steamer  trading  to  Bilbao,  562 ; 
advantages  of  steel  over  iron,  563 ;  experiments  showing  smaller  corrosion 
of  steel  plates,  563  ;  composition  of  experimental  steel  and  iron  plates, 
564. — John,  W.,  Increased  dead-weight  capacity  in  steel  ship,  564  ;  water- 
ballast  need  not  be  increased  in  steel  ship,  565 ;  advantages  or  disadvantages 
must  be  independent  of  mode  of  viewing  the  question,  565;  superior 
quality  and  reliability  of  steel,  565 ;  behaviour  of  steel  vessel  on  rocks, 
566. — Withy,  E.,  Behaviour  of  steel  vessel  on  rocks,  566 ;  objections  to 
increasing  carrying  capacity  by  increasing  size  of  hull,  566 ;  steel  screw 
steamer  Cyanus,  567  ;  importance  of  even  small  additional  capacity,  567 ; 
cost  of  steel  and  iron  in  Cyanus,  569 ;  change  from  iron  to  steel  analogous 
to  change  in  type  of  engines,  569;  lighter  draught  of  steel  vessel,  570: 
no  trouble  in  use  of  steel,  570 ;  estimate  of  comparative  net  earnings  of 
iron  and  steel  vessels,  570.— Adamson,  D.,  Corrosion  of  thick  plates  less 
important  than  of  thin  plates,  571 ;  results  of  experiments  on  corrosion  of 
steel  and  iron  plates,  572 ;  cold-water  test  unsuitable  for  shipbuilding 
steel,  572  ;  relative  longitudinal  and  transverse  tensile  strength  of  iron  and 
steel  plates,  bars,  and  angles,  573. — Price,  J.,  Cost  of  increased  dead- 
weight capacity  in  steel  cargo-carrier,  575  ;  prices  of  steel  and  iron,  575  ; 
question  of  extras  in  plates,  576 ;  mode  of  reducing  net  saving  due  to 
steel,  576;  vital  point  is  net  cost  of  carrying  capacity,  578;  steel  in  itself 
preferable  to  iron,  57S. — Denny,  W.,  Extras  for  iron  plates  not  reckoned, 
579 ;  mode  of  estimating  reduction  of  weight  due  to  steel,  579. 

Shoolbred,  J.  N.,  Remarks  on  Transmission  of  Power,  87. 

.Siemens,  A.,  Remarks  on  Transmission  of  Power,  91. 

Sisson,  W.,  elected  Member,  10. 

Slipways,  Paper  on  Slipways,  by  W.  Boyd,  5S1. — Armstrong's  system,  5S1.— 
Hayward  Tyler  and  Co.'s  system,  582. — Day  Summers  and  Co.'s  system, 
5S3.  —  Thompson's  system,  584.  —  Wallsend  system,  585. —  Machinery, 
.">86. — Mode  of  working,  5S7. — Speed  of  working,  5SS. — Comparison  with 
dry  docks,  5S9. — Relieving,  590. — Lengthening  of  vessels,  592. — Appendix, 
calculation  of  power  required  to  haul  vessels  up  slipway,  593. — Table 
si  lowing  power  actually  required,  594. 

3  i 


738  INDEX.  1881. 

Smith,  H.,  elected  Member,  624. 

Smith,  K.  H.,  elected  Member,  109. 
Smith,  W.,  elected  Member,  409. 
Spring  Meeting,  BusineBS,  163. 

Steam  for  transmitting  power,  96.     See  Transmission  of  Power. 

Steavenson,  A.  L.,  Remarks  on  Printing  macbinery,  523. 

Steel  and  Iron  for  Ships,  553.     See  Ships. 

Steel,  First  Report  of  the  Coniuutlee  on  the  Hardening,  Tempering,  and 
Annealing  of  Steel  (W.  Anderson  reporter),  681. — Nature  and  composition 
of  steel  and  cast  iron,  681. — Quantity  of  carbon  in  steel  and  cast  iron, 
and  its  state,  683.— Substances  other  than  carbon  entering  into  the 
composition  of  steel,  686. — Hardening  of  steel,  687. — The  molecular 
changes  that  occur  in  hardening,  tempering,  and  annealing,  689. — 
Directions  in  which  further  investigation  appears  to  be  needed,  693 . — 
Appendix,  list  of  works  consulted,  694. 

Steel,  Hardening  &c.  of  Steel,  Results  of  preliminary  experime  its  with  thin 
disks  of  Steel,  by  F.  A.  Abel,  C.B.,  F.R.S.,  696.— Description  of  first 
series  of  steel  disks,  and  mode  of  treatment,  696. — Percentages  of  carbon 
in  hardened,  tempered,  and  annealed  steel  disks,  693. — Hardening  and 
annealing  processes,  699. — Second  series  of  steel  disks,  percentages  of 
carbon,  700. — Percentages  of  uncombined  carbon,  701. — Residues  from 
treatment  with  chromic  acid  liquor,  701.  —Presence  of  iron  carbide  in 
steel,  701. — Effect  of  annealing  and  hardening,  704. 

S  ii:el,  Hardening  &c.  of  Steel,  Results  of  experiments  with  reference  to  Occluded 
Gases,  by  W.  Chandler  Roberts,  F.R.S.,  706. — Former  experiments  in 
this  direction,  707. — Experiments  on  hardening  of  steel  in  vacuo,  708. — 
Absence  of  characteristic  colours  when  tempering  in  vacuo,  710. — 
Reaumur's  views,  710. 

Steel  Plant,  Paper  on  Bessemer  Steel  Plant,  with  special  reference  to  the  Eriinus 
Works,  by  0.  J.  Copeland,  627.— Cupolas  and  metal  ladles,  627. — Spiegel 
cupolas,  converters,  and  tipping  gear,  628. — Casting  crane,  ingot  cranes, 
draining  of  crane  pits,  accumulator,  623. — Pumping  engines,  blowing 
engines,  lime  infuser,  630. — Changing  of  converters,  relining  of  ditto, 
utilising  waste  heat  from  ditto,  631.  —Turner's  marine  boiler,  632. 

Discussion. — Copeland,  C.  J.,  Disuse  of  spiegel  crane,  632. — Walker,  B., 
Comparison  of  ingot  crane  with  other  constructions,  632;  advantage  of 
compound  blowing  engines,  634;  new  blowing  engines  for  Hayange,  635; 
best  form  of  steam-jacket,  636;  changing  or  relining  of  converter,  636; 
mode  of  lining  for  bottom  of  converter,  637 ;  marine  boiler  a  mistake 
for  steel  works,  637. — Adamson,  D  ,  Piston-valves  for  blowing  engines,  637  ; 
economy  of  water  in  hydraulic  cranes,  638 ;  comparison  between  marine 
and  Lancashire  boilers,  638. — Cochrane,  C,  Advantages  of  Root's  boiler 
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for  ironworks,  640. — Crampton,  T.  E.,  Purification  of  feed  water,  640. — 
Head,  Jeremiah,  Conversion  of  ironworks  into  steelworks,  640;  iron  rails 
superseded  by  steel,  641 ;  iron  and  steel  for  shipbuilding,  641. — Bell,  I.  L., 
Greater  power  required  for  rolling  steel  than  iron,  642 ;  supersession  of 
acid  process  by  basic  in  manufacture  of  iron,  642  ;  long  cylindrical  boiler 
for  ironworks,  643 ;  temperature  of  products  of  combustion,  644. — 
Bennett,  P.  D.,  Good  iron  castings  less  liable  to  crack,  644. — "Walker,  B., 
Best  hard  qualities  of  iron  are  most  liable  to  crack,  645. — Cowper,  E.  A., 
Eelative  advantages  of  water-tube  and  Lancashire  boilers,  645  ;  experiments 
on  power  for  rolling  steel  and  iron,  645  ;  steel  for  railway  sleepers,  646. — 
Copeland,  C.  J.,  Working  of  ingot  cranes,  646 ;  economy  and  advantages  of 
Turner  marine  boiler,  647 ;  power  for  rolling  steel  and  iron  rails,  648.— 
Bell,  I.  L.,  Lower  temperature  in  rolling  steel  rails,  648. 

Stone-Dressing  Machinery,  Paper  on  Stone-dressing  machinery,  by  J.  D. 
Brunton  and  F.  Trier,  133.— Use  of  circular  rotating  cutters  to  chip 
stone,  133. — Application  to  turning  granite,  134. — Wear  by  attrition,  134. 
— Principle  of  driving  the  cutters  independently,  134. — Description  of 
revolving  chuck  and  cutters,  135. — Arrangement  of  cutters  in  steps. 
136.— Material  of  cutters  for  different  stones,  137.  —  Eate  of  dressing 
138. — General  construction  of  dressing  machine,  138. 

Discussion. — Trier,  F.,  Travelling  tables  for  bringing  up  stone,  139  ; 
play  in  clutches  driving  cutters,  140. — Cowper,  E.  A.,  Have  machines 
been  used  for  millstone  grit,  140. — Trier,  F.,  Cast-iron  cutters  for  grit; 
wear  and  changing  of  cutters,  140. — Crampton,  T.  E.,  Eelative  cost  of 
hand-labour  and  machine,  141. — Trier,  F.,  Cost  reduced  to  one-third  in 
hard  gritstone,  141. — Williams,  E.  P.,  "Will  machines  dress  any  but  plane 
surfaces,  141. — Trier,  F.,  Turning  granite  columns,  and  cutting  panels. 
141. — Brunton,  J.  D.,  Turning  of  granite  columns,  and  dressing  of 
millstones,  141. — Bale,  M.  P.,  Speeds  and  angles  of  cutters  for  different 
stones,  142  ;  unequal  wear  of  cutters,  142. — Brunton,  J.  D.,  Inclination  of 
cutter  is  45°  for  all  stones,  143;  speed,  the  faster  the  better,  143: 
variation  in  wear  of  cutters,  143 ;  fine  surface  produced  by  machine. 
143.— Trier,  F.,  Angles  for  cutting  edge  of  cutters,  144.— Cole,  J.  W.. 
Have  French  burr  stones  been  dressed,  144. — Brunton,  J.  D.,  Successful 
dressing  of  such  stones,  144. 

Strong,  G.  S.,  Paper  on  Feed-Water  Heater  and  Filter  for  stationary  and 
locomotive  boilers,  539. — Eemarks  on  ditto,  545,  550. 

Summer  Meeting,  Newcastle-on-Tyue,  407  See  Newcastle  Meeting.  Leeds. 
1882,  announcement  and  Committee,  623. 

Sunderland,  Bridges,  Docks,  and  Works,  visited  at  Newcastle  meeting,  615- 
618. 

Swan's  Electric  Light,  shown  at  Newcastle  meeting,  612. 
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Taylob,  R.,  Note  on  use  of  flat-rode  f<>r'transmitting  power,  100. 

Thrashing  Machines,  Paper  on  Thrashing  machines,  hy  W.  W.  Beaumont, 
3G9. — Operations  performed  in  thrashing,  370. — Ransomes'  machine,  371. 
— Clayton  and  Shuttleworth's  machine,  377. — Garrett's  machine,  379. — 
Davey  Taxman  and  Co.'s  machine,  381. — Gibbons'  machine,  382. — 
Robey's  machine,  383.— Other  makers,  384.  —  General  constants  for 
thrashing  machines,  384. — Constant  for  shakers,  386. — Constant  for  caving 
riddles,  388. — Constant  for  lower-shoe  sieves,  389. — Constant  for  second- 
dressing  shoe  sieves,  390. — Fans,  first-blast  and  second-blast,  390. — 
Screens,  391. — Driving  power  required,  391. — Appendix,  drum  guard-. 
392. 

Discussion. — Beaumont,  W.  W.,  Steel  locking-plates,  beaters,  drum 
guards,  and  coefficients,  396.  —Head,  Jeremiah,  Advantages  of  thrashing 
machine  over  flail,  396  ;  use  of  fan-blast  elevator,  398 ;  iron  or  steel  frames 
in  place  of  wood,  398. — Rich,  W.  E.,  Power  consumed  in  thrashing, 
398  ;  uniformity  of  dimensions  in  thrashing  machines,  399  ;  use  of  wooden 
connecting-rods  or  links,  399. — Cowper,  E.  A.,  Effect  of  diagonal  feeding, 
399.  — Rich,  W.  E.,  Different  modes  of  feeding,  400.  —  Pendred,  V., 
Scientific  points  connected  with  thrashing  machines,  400 ;  synchronous 
oscillation  for  reciprocating  shoes,  401 ;  shaking  corn  by  blows,  402. — 
Beaumont,  W.  W.,  Increased  number  of  screenings,  403  ;  fan-blast  elevator, 
403 ;  substitution  of  iron  or  steel  for  wood  in  thrashing  machines,  403  ; 
length  of  drum,  404  ;  mode  of  feeding,  405 ;  drum-spindles  run  cool,  405 ; 
length  of  oscillating  hangers,  405.— Cowper,  E.  A.,  Weighing  corn  into 
sacks,  405.— Beaumont,  W.  W.,  Automatic  weighing  by  separate  machine, 
405. — Cowper,  E.  A.,  Elastic  wooden  connections  in  place  of  joints,  406. 

Tomlinson,  J.,  Remarks  on  Compressed  Air  upon  Tramways,  674,  675. 

Traill,  T.  W.,  Remarks  on  Riveted  Joints,  264. 

Tramways,  Compressed  Air  upon  Tramways,  649.     See  Compressed  Air. 

Transmission  of  Power,  Paper  on  the  Various  modes  of  Transmitting  Power  to 
a  distance,  by  A.  Achard,  57. — Transmission  by  Wire  Ropes,  58. — 
Principles  of  transmission  by  ropes,  58. — Leather  and  india-rubber  belts, 
60. — Iron  wire  ropes,  61. — Size  &c.  of  pulleys,  62. — Strength  &c.  of  ropes, 
62. — Working  tension  of  ropes,  64. — Efficiency  of  rope  transmission,  65. — 
Transmission  by  Compressed  Air,  66. — Principles  of  air-compressors,  67. 
— Seraing  water-piston  compressor,  67. — Cooling  of  compressed  air  by 
water,  68. — Efficiency  of  compressors,  68. — Loss  by  friction  in  pipes,  69. — 
Stockalper's  experiments  in  St.  Gothard  tunnel,  71. — Motors  supplied  by 
compressed  air,  73. — Mekarski's  compressed-air  tramway  engine,  79. — 
Efficiency  of  air  transmission,  75.— Transmission  by  Pressure-Water, 
76. — Applications  of  water  pressure,  76. — Loss  by  friction  in  pipes,  77. — 
Schmid's  piston  water-engine   and  Girard's   turbine,  79. — Efficiency  of 
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water-engines,  80. — Transmission  by  Electricity,  80. — Generators  of 
electricity,  SI. — Hagenbach's  experiments  on  efficiency  of  ditto,  82. — 
Motors  driven  by  electric  current,  83. — Efficiency  of  electric  transmission. 
Si. — Estimation  of  efficiency  in  different  methods  of  transmitting 
power,  85. 

Discussion. — Shoolbred,  J.  N.,  Conversion  of  Hagenbach's  experiments 
into  English  terms,  S7 ;  electric  transmission  of  power,  89 ;  application  to 
lighting,  90  ;  to  electric  railway,  90 ;  to  ploughing,  91. — Siemens,  A., 
Advantages  of  electric  transmission  of  power,  91 ;  other  applications  by 
Dr.  Siemens,  92;  determination  of  efficiencies,  92. — Fernie,  J.,  Application 
of  water-power  at  Geneva,  &c,  93  ;  use  of  steel  for  wire  ropes,  94. — 
Schonheyder,  W.,  Adhesion  of  wide  leather  belts,  94 ;  short  duration  of 
wire  ropes,  95  ;  water-piston  air-compressors,  95 ;  loss  by  friction  in  pipes, 
95  ;  transmission  of  power  by  steam,  96. — Mair,  J.  G.,  No  vacuum  between 
belt  and  pulley,  97 ;  loss  from  waste  spaces  in  water-pressure  machines,  98. 
— Rich,  W.  E.,  Advantage  of  low  pressures  in  compressed-air  transmission, 
98 ;  inconvenience  of  ice  in  ports  of  compressed-air  engines,  98 ;  difficulty 
in  working  slide-valves  in  water-engines,  98. — Paget  A.,  Vacuum  under 
belt  at  great  speed  a  mistake,  99. — Ellington,  E.  B.,  Distribution  of 
hydraulic  power  in  Hull,  99. — Cowper,  E.  A.,  Transmission  by  flat-rods 
in  Cornwall  and  Devon,  99 ;  steel  preferable  to  iron  for  wire  ropes,  100. — 
Achard,  A.,  Commercial  failure  of  rope  transmissions  at  Bellegarde  and 
Fribourg,  100;  results  at  Schaffhausen  and  Zurich,  100;  transmission  by 
water-pressure  at  Geneva,  101 ;  use  of  wide  driving  belts,  102 ;  advantage 
of  low  pressure  for  compressed-air  transmission,  102 ;  importance  of 
efficiency,  102 ;  loss  from  waste  spaces  in  water-engines,  102  ;  loss  of  power 
in  water-piston  air-compressors,  103 ;  steel  ropes  now  coming  into  use, 
103;  advantages  over  iron  ropes,  104. 
Teiek,  F.,  Paper  on  Stone-Dressing   machinery,  133. — Remarks  on  ditto,  139, 

140,  141,  144. 
TweddelIi,  R.  H.,  Remarks  on  Riveted  Joints,  25S. — Table  showing  rules  of 

practice  for  Riveted  Joints,  293-299. 
Tyne,  Paper  on  the  Tyne  as  connected  with  the  history  of  engineering,  by 
I.  Lowthian  Bell,  425. — Froude's  disparagement  of  engineering  skill, 
425. — Refutation  by  discoveries  resulting  from  profound  research,  426. — 
Condition  of  Tyne  district  anterior  to  present  century,  42S. — Output  of 
coal,  mode  of  mining,  pumping  engines,  429. — Tubbing  of  shafts,  and 
sinking  through  water-bearing  strata,  430.  —  Condensing  and  non- 
condensing  engines,  431. — Coking,  431. — Ventilation  of  collieries,  and 
safety  lamp,  432. — Coal-cutting  machines,  433. — Origin  of  railroads,  434. 
— Early  locomotives,  435. — Iron  shipbuilding,  436.  —Iron  manufacture, 
438. — Steel  manufacture,  441. — Lead  and  copper  works,  441. — Machinery 
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making,  442. — Hydraulic  machinery,  442. — Armour  plateB,  and  guns,  441! 
— Electric  lighting,  444. — Soda  manufacture,  445. — Glass  making,  pottery, 
and  fire-clay,  446. — River  navigation  improvements,  447. 
Tyke  Improvements,  inspected  at  Newcastle  meeting,  611,  G12. 

Vnwin,  W.  C.,  Remarks  on    Riveted  Joints,  283. — First  Report  on  the  form  of 
Riveted  Joints,  301  -368. 

VOTES  of  Thanks,  to  Institution  of  Civil  Engineers  for  use  of  rooms,  33, 1G5 :  —to 
President  for  Address,  410.  424  : — at  Summer  meeting,  Newcastle,  412. 

Wake,  H.  H.,  elected  Member,  409. — Description  of  Sunderland  Docks,  G17. 
Walker,  B.,  Remarks  on  Bessemer  Steel  Plant,  G32,  637,  645  : — on  Compr. 

Air  upon  Tramways,  G7G. 
Walkinshaw,  F.,  elected  Graduate,  409. 
Wallsend  Slipway,  5S5,  611. 
Warburton,  J.  S.,  elected  Member,  10. 
Warham,  R.  L.,  elected  Member,  409. 

Water  Pressure  for  transmitting  power.     See  Transmission  of  Power. 
Water  Works,  filtration,  151,  152, 155-161.    See  Filter. 
Watkins,  A.,  elected  Member,  1G4. 

Wearmocth  Colliery,  visited  at  Newcastle  meeting,  615,  GIG. 

Webb,  F.  W.,  elected  Vice-President,  30. — Remarks  on  Riveted  Joints,  2G0. — 
Letter  on  Joy's  Valve  Gear,  417. 

Westmacott,  P.  G.  B.,  nomination  as  President,  411,  625. 

Wharton,  W.  A.,  elected  Member,  624. 

Wigzell,  E.  E.,  elected  Member,  164. 

Williams,  R.  Price,  Remarks  on   Machines  for    Cold    air,   129: — on   Stone- 
dressing  machinery,  141. 

Williams,  W.  F.  M.,  elected  Member,  10. 

Willis,  R.  H.,  Remarks  on  Riveted  Joints,  282. 

Wilson,  J.,  elected  Member,  624. 

Wilson,  W.  W.,  elected  Member,  10. 

Withy,  E.,  Remarks  on  Iron  and  Steel  for  Ships,  5GG. 

Wood,  E.  M.,  elected  Member,  409. 

Works  visited  at  Summer  meeting,  Newcastle,  595. 

Wrench,  J.  M.,  elected  Member,  624. 

Wright,  B.  F,  elected  Member,  164. 

Yates,  L.  E.  H.,  elected  Member,  164. 
Vcvnoer,  R.,  elected  Member,  624. 
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